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~ ' J •• INTRODUCTIG_N. ·. 
' -:. . . 
·casual sampling_ (G. Moskovi~s, unpublished data) of 
. I 
the, coastal waters of th~. Avalon Pe'ni~sula ;· 
. . . . ~ .. ·. 
- indic~ted thc:t the ba.cteriai· ~-~pulatl.~ns ;f 
~ 0 ' • 
~ewfoundland, .· : 
this ·region · 
. . . 
were ·extremely low .. . Thi.s is .a type of· Emv:i,ronment, 
. . . . -~ . ' 
i 
unprotected . arid ch~ract~rized by ~high . ~aiinfties' and low ·. 
' ' ' 
water temperatur'es., on whic;:h few . stud~es. have bee~· 
. . . ·. . " . . . . . . 
:J 
· . ' ca.rrieq out .. · Tpe :very' few microbi.:£logical iriyest.iga.ti~ns · . 
• • • " I • • . 
of the' ·open Nbrth . Atlantic Ocean ·. (Fischer' .1894; Minervi~i., . 
. ' . 
1900; Kriss, 19 6 3.:~ ·19'70) all .g,ave . higher plate counts ·. 
I • • • ' ' • ' 
. . . 
than ~ere fqund ~ibng the Avalon . Peninsula~ . 
. . . ·, . . '.' . . ··. . 
' ·,, 
A .. c~mplet·e examinatf6~ of the· disttibution 9:f · ma~ine· · 
bacteria in any region should ~nvolve qualitative as well . 
' I> l ,,_' \' • . ' I • ,• 
as quantitative work. · Ho*ever, b~cause of the time and 
·efi;ort inherent in, su~h _;a project' . only a single 
., 
• 
· bacterial group could be stud~ed i n ¢ietal.l ~ . The ge·nus 
. . . 
. . . 
. Pseudornon~a M_igula was chosen 'for ·a numbE;~r of reasons. 
. 1) Pseudomonads are .w.idely distributed in the.rna;ine 
. . . ':: 
environment. ~ 2) Pseudornonads, because of their 
metabolic versatility, are important in many processes 
. ' 
. occurring in tne seas. 3) 
. . . . 
The biochemistry and . 
.' '· . 
metiiliolism ·of pseud.~monads are better ' understood ·t!lan . · 
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. are those of any~ oth!=!r group .Qf -ma~ine_ ~acte'ria. • . 4} The 
. - ' . 
ta:xonoro'y of the pseudomonad.s; 'aithough far fro~ satisfactor~., 
• b · '· . . ' 
: i.s : bet:ter, organiz_~d·.ahd more d'eta1led than, is that' of any. 
- . . 
of the other gen~ra found ' in the marine environment. 
. . . . 
. . 
~1 · "A. rnedium.Selebtiv~ for· pseudornonads was available. 
. . 
. ... 
The present s~~dy was undertaken: l) to.verify'the 
.. . . . 
existence of unusually low p~cterial populations in 
' . . ' . 
Avalon J:>eninsula ·wa,t~~s , - '2} 'to study the fluctuatiqns 
' • • I 
. . . . . .. . 
.. 
·. of these populations in time 'and spaee during, the sampling 
D ' ' ' '. - - ' ' ' , • ' , • ' - ~ .... • • 
·period,· 3} ~ .. . . . to characterize· the kihds of bacteria 
' I ... I ~ ~ 
re9overe~ arid to ·exrumine.in detail· the seasonal and ~eptn 
.df~t~ib~tion ~£ h~ctef'i~·- of the genus . Pseudomonas., and - . -
4) ~~ at€empt_to.exarnine the pos~ible i~~l~ence of such 
envir'onment~l factors . as. water ·~ernperature a~d- phyto- . 
. ' . . : . . . 
plankton d.i'stribution· ·on · b'acte'rial distribution." 
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MATERIALS. AND METHODS 
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·. 
FIELD WORK 
.. 
1. Sampling Site 
• 
. ,.• 
, . - . . . '!!·~ .,· . # \ . .  
. ·' ·) . 
. The· fi~~d ~~~~~ ·was. ~a;;,rie~ . o'ut oq, s~~ll P.oint . 
... • .,,It(.-' . '~ ' ' . ·. -(4_7e 36'. -N?· 52"· . "39 .' W) i adja:cent to !tobin H.ood Bay on 
,:.· 
the east coast .. :<?~ the ~valon Peninsula: Newfoundlan!Ol, · 
and app~ox~mateiy 1.6 ~krn southeast . ~£ t)le Marine :sciences 
.. 
• • , 41 • .,. ' 
." Rese.arch Laboratory _ (M.S.R~L.) of the Memorial Unive·rsity 
. . - . . ' 
' 
of Newfotu1di.and (Figure 1). . l?lank.ton t;ows· ~e+e . made ··north 
from ,this site, sorn~times as- far as the south~rn limit 
' • I 
<;>f Logy Bay: · .:worK' .was done in approxirn~tely 65. m ·of 
water. 
' · 
The sampling· site . was chosen for · two ·.reasons. First, 
. it coulsi be . reached from Quidi v.idi a'arbour where ' the" . . .. 
-~ .l • . • ' .' . 
. . 
. . sampling. boat was moored, in 15 to·. 20 minutes, · .. so that 
. ·. . 
. ( 
... samples could be . retut'ne"o, to .the laboratory" "and proc~ss~d 
. · .. ··;he · s~e . day they w~re colleqted. Seco~~, tl).~s area . had 
:: .. no: fresh water r~n--off:·, and, . bec~use ·of the ~southward 
• • • • • ., ' - : • ' • ' .. l 
trend ·of . the Coastal CUrrent 1 I was free · Of . t~e grOSS .. ' · 
I • , 1) • ,• I • ' ~ ' I' ' ' ' t> • •' ' ' ' • 
pollution ·as sociat~d with · the ha:t:bo~rs ··of .St • .. .;fohn's 
. • ;• . f . ,. 
an~· Quidi Vidi. ~ .• . . ' . 
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• t q t _,.. 
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Irnmed.i~te~y ~he sample. bottle was . br~m9:ht .. up ·.and 
~~n\.~~ed f~~m~·th~ fr~~~ 1 ~-~s· stoi?P~r.'· wi~h ·att~ched " 
• • -...· 0 • \ • • • ~ • • ~ • • - • • 
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_. stop~~r •. The bottle wa~· then· .. put i!lto .. a._ : ol~an~ ~ry .. · 
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. . 
identical. A well-isolate·d . colony ·was then transferred 
to yea.st-pepton~.-:-seawa,er bro-th. ('YP-'SWB) (See Formulary) . 
-·· . . . .. . . 
and, after. 18~24 hr incubation, a Gram stain was done. 
' . . . . . 
. . Gram:_negative · rods wei~ ·.transfer;-ed to YBP-~WA. ~lants ahd, 
' . 
· after, suf~icient incubation to give heavy growth, st.ored. · • 
. in the coid.. ;i:oom \_lntil f.ur:ther tests could be done. 
_Gram:: . .'pos~ ti ve . cultures were di.scap3ed. . Throughout . the · 
. isol,a.tion prbc~dure, a_l~ incubation ·was. at ·2oc. 
(b) . Isolation· from Y.BP-SWA 
. .. 
One · manifest~tion of the• communal ~rowt~ resp~nse 
phenom'Eimon., 'described by Roth, St~les_ and Clegg . (1972)·, 
·.·is th~t ·the n~ers of col'oh.i~s-re"c~ere~. on selective 
0 . " . 
met;li.a may ~e _greater when the' inocula 'co~sist of mas_ses 
. . . .. ·. ; ..... 
of bacter~.a than wlie~. the~ are .· si.ngl~ c~ils , . as is. th~ · 
case in diiuted •material. This . means tnat · it is .possible 
• (t • ~ 
, . that -more .pseudomon(;!.ds·, ·capa;t:>le· ·o:l; · gr.owth"·on · cetrimide·, : ·. 
• • .: ' '· , , •• • • • Q • .. • \ . . .. . : . .. •• 
·were . present in the . samples than the numbers grow:i:ng ·,on 
' . 
the. detrimide· agar piates ' indicc:tted. Therefore, it ·w.as 
' . 
decided to isola~e and identify probable pseudomon~d 
1 • • \1 • 
colonies from the YB~:-SWA p.l~tes as well as from_ the. 
. ' cetrirni~e agar · plates. so th~t ; · ·for .~ach ~an_tple, a 
1 , . ' • • • 
comparison Qfv the nuinbers of pse'udomona~i.'s ' i~olated on 
. ~ .:.:- - , . 
' . 
both media .. could be . made. 
·:,1 . 
o ,'I • 
. ' ·, ., 
Th9s~ YBP-SW~ plates ·witn discrete and well-isolate~ 
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.· 
. .. 
colonies were_ .replicated · to cetrimide agar . using -th~-. ·' / · .. 
. ' ' . 
Lederberg and Leder~?erg _.(1952) repliC?t - plating ·.te_chnig;~e. · . 
- . . . 
Plates having_ "spreader" co~on.;i.es - , .. molds, o,r_ polonies 
· dr~~~ed ~ clos~li t~-~~th~~ ~·n. ~ir(~~rt·:· ~f· :th~ -P~~t·e - wer~ 
. . . .. . 
nbt' replicated. Instead, ten ~and?~ly-chosen suit~le . 
. colo~ies f~qm each,plate were tran$ferred to tubes-of 
' . . . . 
YP-SW~, an~, after 72.-hr incubation:, · SJ?otted on ·cetrirnide 
agar witn .a 2-nun loo~. · .. Both .repll.?-~ted (lnd sp~tted plates 
.• . . 
were incUbated p.nd examined at .. one-week i'ntervals. When 
·b 
. . 
· g~owth occurred, - the colonies were streaked out ori ' 
plate.s ·of - ~BP-S~A and the isolati~n ·p~ocedure c6ntLriued, 
. .... . . . .. 
as described· above. If·no g~owth occurred after 3 weeks, 
• :. • •• • • 4 • ' • ': • • • • ' • •• • • 
the . plates were discarded ·and no fu:r.ther. tests were · ·done 
•• J i . • • . . • • • . , 
. . . . . . 
on the o~ig~nal colonies . . All incubation was at 20C. 
-.. 
. ) •. 
> • • 
. . 
3 .• · 1dentificat:ion· of the · Isolates 
. . . 
. . . 
. . 
-. 
. ~ . 
: Suffici"ent ch~ract~rization of ·the isolates t<;> identify 
. . . 
them as ~ither·pseudomonads or non-pseu~omonads was 
.. . 
carried out:. :rn mo~t cases·, identif;i.c~tion to ' the generic ~ 
. . . . . I . . . . . . 
l~vel w~s possib~e. -· ·The . j,so~ates .we~e ~~enti~ied by ·· 
. ' . . 
. . . 
following .the .scheme shdwn 'in Figure - 4 ~ based on that g i v&:!n 
' ' • ' I ' • ' ' ' I ~ ' ' ' ' j, • •. ' ' ' 
by Scholes. and She_wan ·(196·4) arid modified to · conform to 
' : ~ '' : • ' ' '• ' • ' o I 4 ' ' 
u • 
·~the. revised ~aJ{o,norny ·Qf Gram-negative r ds ~~ven in 
• 
· Ber e 's 'M~nuai ·of D~terrni~at'ive Bact'er olo (1974). 
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·:-·· 
Scheme use·a· for the 'id~ntification of 
isolat·es. ·. 
·' 
Abbr~viations used: 
Arg. Dihy. 
Lysine Dec. 
H.:..L 
Neg • 
Pos. 
Res. 
Sens. 
... 
•' 
·. 
• ' 
Arginine' D:Lhydrola~e . 
Lysine Oec':lrboxy las·e 
Hugh-~i-fson 
N_egat~ve 
Posit-ive 
·Resi~tant 
· Se.n'si1:ive·. 
· I 
.. , 
,I 
. '\.. ' . 
;. 
.,. 
reaction 
' \ 
i' ., 
.. 
.. 
.. 
'• 
.• 
·. · ·~ · 
0 • 
( 
:' -. 
'. ; ~\'~~~ · 
'· 111 
: 
' 
" ;,; 
· ( 
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, . 
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. _, 
"' ,. 
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r, 
t,·· 
. .. , 
' .... ' 
. . . 
·. ' . . ·.· . 
. . ·"" ~ 
.. 
• I 
. • ! 
Per;tii_chous 
I . . 
•. Entero- · 
bacteriaceae 
.. 
-. 
. : 
., .... 
... 
Gr~ Negative Rods J -.• 
· · Oxidas~ Neg. 
/I 
' I 
·Non-motile 
. I . ·.Motile 
I 
Oxidase Pos. 
' 
ACINETOBACTER· · 
POla:t: 
. L 
UNKNOWN A 
H-L: No Change 
Arg:. _Dihy. Neg • 
P.eritrichous 
I 
A~g. - Dihy. 
Penicillin 
I· .. ·. . 
ALCALIGENES . 
. . 
. ... 
. : ... 
. . ·H-L: · oxidative· . - . 
. 
H-L: No Change r 
1 . 
·. 
Non-motile 
. ! . . 
H-L: oxidative 
Neg. 
Sens. 
i, 
I . 
A.rg. Dihy . . Pes. 
Peni"cilliri Res. 
. . ,. . 
PSEUDOMONAS • . 
I · , 
= . 
.. 
. . 
.. 
H-L: ·Fermentative··. 
.... -- :I 
.· · . . .,___.;.. ____ .___ _ ___,, . . 
- Terramycin _ Terramyc1n Terr~cin 
· Sens. - · 
.L 
'l;err~ycil) 
Res. 
No Gas 
. -----'-1----\; · ..
· Gas 
r 
AEROMONA& 
-Res·. Sens. · 
- 1 . I 
PSEUDOMONAS -PSEUDOMONAS 
I . 
PSEUDOMONAS Novobi·ocin Novobi:ocin·· 
. I. 
UNKNOWN B 
Res. · ·Sens.· 
·Group .I · Group II : . 
.· 
Grpup , IV 
. . ·' 
·--
I': . . VIJRI0 . ; 
. ..-~-----------~~---------~ Lysine Dec. Pos,. Lysine Dec. :·Neg.' . . 
Arg. Dihy ·• ~eg. Arg ._ Dihy. Po.s. · 
I . t~ 
rr •. 
.. '-.! 
VIBRIO AaROMONAS 
.. 
. ' 
' . l . 
.-
-· 
.( # ' • 
I ~ . - '\.-
--· .. .r- ..... ~ ..... . ~· . . ! ( __ 
# : · · ' ": . 
: •. .6 
I • 
1\.) 
• 0 
I 
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-·· 
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, . 
~~~ .?~-~ 
, . 
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·.· "· 
~I t 
. · .. 
. . 
I . 
, .. 
' 0 
. · . . 
adj~nct .to ·:the conventional: 'ident~flc~tion inethod!3. 
,#• • 
. (a) Biochemica,l :tests 
I 
•ForJllulae and meth~d~ of prepa'ratio~ for ·al~dia· and·· . .. 
0 ' • 
~~s~ ~e.~ge~tsi_used · a:e gi ~e~ ·'in ·the ·Formulary. The 
•l.ncubatl.<;m temperature for all the fes'ts was 20C, unless · 
otherwise specified. .The following _ ~ests we~e performed.: 
(i) Gram reac'tion and mo.rphol.ogy: 
. smears of 18-24 hr cultures . in :iP-SWB. wer~ made al1d 
' ' 
Gram-s.tained, then were exam~ne~ fo;- · g.ra·m:_reactf.on ·and . 
' ' ' $.. 
·cell morphology. ~ Cell dimensic:ms. based on measurement. 
8 +o \tO • ~ ' 
. of . ae . least 5 qells per . culture, were .recorded. 
. . . . . . 
(ii) Oxidase test:. . ~
·, • 0 
·A modification of . ~e m described by Steele . 
(1961") was u-sed. A 7-;day . ·c:u ture on· YBP.-SWA .was tested by 
.touching ·a capillary tube containing. the .oxiqase reagent 
. 
·to the cente.r of a qoiony· .and ~~oting the time required· _for 
• 0 
. ' 
t:he colony·· to turn ·purple·. At leas't five ~olonies were 
. . . . 
0 • 
tested per; ~plate, · a . fr~sh 'capillary tUbe being 'used for· 
• o > • • ' • o ' .! • '• I ' - J o o 
each co~ony. The : average reaction time was calculated . and · 
. the oxidase 0 reaction ~f . the .'~'1 tur~· ·determiried. acco~ding .. 
' ' I ' I . · , , • ... ,, \ ' • • ' o I '' • • to • 
t _o the following sca).e: 
·• 
. .. .. _ ... 
.. 
. . . ' · .. 
. 
, Reaction in.< 0-10. s~c : · ~Offi'ti ye 
0 0 
.R.ea,ction rirt''l0-60.' sec 
• 0 . 
• • 0 
·oela~~d: positive · 
.·· . .... . '• . . . . . \ 
· ·; .·. Negatiy~·. · · . . · :. . · , 
0 ,• 
·No ·reactim1 in 6o sec ' • • • • 0 
. ·. I . . 
. . . . 
.; . 
. ' , ... ' 
: ... 
. . . · 
: . . 
, . .. 
: . . 
I • : ~ : • · , : • 
. ., . ' .. \ ·, · · ~ . 
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This was det'errriined- by ~hase contrast ·ex~rninati~· ··~f ·. · .· 
• • , :, • • ' I 
a : ~4~hr · culture - in 
· lowerl;ld to 15C for 
yp.;:.sws.• "·.The' i .l)cuhatlori ··temperature. ~~~s .· 
th~s~ cult~~e~· - feu~~- ~a~be n6n~-~oUle · . . 
- . . ..... . . . 
at 20C.- Before an isolate was regarded as non-motile, 
. ~ ... . . . : . . 
.wet mounts were m·ade ·and ex~ined following· each of four 
I 
successive tr~sfe.rs of the cul:t_ur~ at 24-hr intervals 
· ' ' 
t'hrough YP-SWB. 
' ' 
. '•' 
.(iv) <Flage.lla: . 
Eighteen to twenty<'-four-h'r .YBP.-SWJ\ slf!.nt· cultures of · 
·• • • • t • • • 
' • ill '" . \ ' I ~ o 
those isqlate.s found · to· _be motile .were stained -~ith BBL · 
' ' , •', ' • • 
0 
I • ' ' • o 
0 
• 
}flagella st.ain , , using._ the.· .technique outlined by ~eifE!on · 
. .. ' .. ... 
·(1951) .• . , · , 
.. 
. . . . ' · 
. (y) Dissimilation of glucose 
•' . ·. ~ ' . ·.l 
. Bac:to~MOF '·me4i~ 'o:lif_co). ·was used . with the tech~ique. 
. ' . 
of Hugh arid Ledfson ··( 1953.) • · 
(vi) Production · of gas from glucose: . ·' 
• • ., Ct "' ~- . , . • ' ~ ro 1 • • • • ' • • 
. nurharn tub.es 'were used' _in tubes 0~ basal. medium ~ the . 
. . ·. . ' . . ~- '' . '·. . ' . ': . "~ ·: . ' ·. ' ' 
. . . 
·.' ... 
. . 
. ... ~. -
• Cl''" 
• I 
~ - . 
. ' 
····: 
.. . , i 
~ - . ~~ 
.. ' 
. .. 
-~ . 
/' 
··, 
' ·: ..'
,I 
.-: ·.~ 
· I 
' ~ . 
' q 
composition of· which .was based -on that of · Hugh and l,ieifson · . . · 
• • • • • .. • ; • • ! • . • 
' • • , I • ' • ,' • • •, 
(1953) •. -Giucose to give ' ·a final conceh~ration- of -1 .%. was_. 
.. 
. . 
... 
" ' 
,· 
, . ' 
. . . 
(viii ) Sensitivity to. antibiotics: 
' ' . . . . · '. . .-•· ::.· 
, '• ' I ' • , , • · •. • . \ 
:. . , : Th¢ foi lowing'· antibioti~s · "'ere · used r ·. -,pe~i:oi·llin ; 
2 •. s· ·r .u (Bac.to.:.c6n~e~t~ati·o~ .. dtsq~) · ~.ah~ · lO·~: :t -.~ · :·h~a~t~~ ·. 
• ' ' • ' ' o o ' • I o .,. o: -~ o f • I • ' o , ' ',' • I ' o · : I • o o \ ' o ': I : o : , • 
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·~ • ~ · t .' 
sen.sH:ivity discs) :. · novobi'oci-n·, · 5 meg· ~ (Bacto~ .. 
·. ·~·-· ~~ns.~t~~ity · d~s:c.sr;· .:an·d: k ~4> - · di~i~~ . -:-· 6 , ;7 · .. ;· ~·~,~~-~~pr~·pyl_ 
~. ··pter.iqine .. : (o/.£29) :P~-~~ar~d · ih .. the. ~-ab6r~":t:Q~y-:- . :· .. · ·--~~· · · ·. : 
. . . . . . 
. -· .. : 
• .. :· : . · .. ' . ' -. . .... :·' . . . . .-;-,'. .. . . . 
·.The :s.u~faces_ of plates of . . yeast-bee-f.-peptone-
·. ~ . ' synthet.j.c· ~eawater · agar -(YBP-SYN-_SWA) were ·swabbed w-ith 
.. · tu.rbid br~th~ ~( ~-·~--d~y·~ ;.rowth) . before . the . ~ritlbiotlc· · 
.. - ' . . . . . . . . . . 
.discs were pressed firmly ~nto.Ath~· P,lat~s •· The _ plate~ · · 
were 'reas:l . at:· 4 8-hr in.tervals. ·.. ::: .. 
' . ~ ·. 
. . 
. 
. .. 
(viii) · Ar'ginine · dihy.droiase: · 
. ~ .. . . . . . '. . 
. . . 
The ~ethod .of Thorn_l _ey (~96~) wq.s used •. 
~ ' . . . ' - - . . . 
. . . ~ 
· ~-' · (ix) . . ·Decarboxylase·· tests·:· 
- . . ' . ,• .. 
. . .. .... . . 
' .. 
. . , 
The method . o'l:· ·MfzSller . (l9SS) u~ili~in·g ~rgini~e, 
• . • • .. 4.1. • • .. 
.:. . . 
. lysine and o~nithine was followed._' .. Bact<?-Deca~boxylas?·. 
:aas.e ·· Moeile~ (D_ifc~) wa·; u~ed.- · . 
. . . 
0 
. ·' 
,.Pr-~duct.ion ·of :f_luoresc~i'n ·: 
. .· 
. . - ~ 
Bacto_-Pseud;>m~nas. agar· F was used_ • . -.~he · tecprli_que 
0 :-:-~~·, , 
0 
• • • ' 1 • · ,O · • . - : I • • ' • • , 
of · King;.- Ward, ·and ,Raney, ' (1954) was _follo\'!ed,. ~rid th~ -~ 
. .. . . . . . . . . . . .. :.. . : . ; . . . . . ~ . ,' ... . . ..... 
. : · plates were observed i~ ... the dark· - und~r .short-wave : · . 
• . ~... 0 • • ·- -
.. 
' 
.. 
. . 
,._ I • 
-~ . 
· (xi). 
. 
·.·. 
. 
' .. 
0.. • ' •' . • 
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Five New. Zealan·d "White rabbits were··.:rmmuni·zed ·.: 
ro: • , • <I! • • • • .,.. • 
~ "'fJ ' ' • • "' ' f • ~ • ' • • : •' o • ~ " .,. " o II • '"' • · ., ; ' •. •, • o ' 
subcutanequ~ly for . th~ production· a·f .. imm.un~· s~rurn, and two ·: ··: . 
' · ~ .. . ~ .. . . ," ' ' ·. . . . ·: . . · . . · · ...... ·. . .' · .· · .. :_. .. .. .. ····.·: . :·· · .. \ ,· .. 
were use_~ , ~o ~ro.du.~e_:: nq~m~l~ · ~e~~:_; . ·-~:~ta: .:: ~~7·~.~l~ , ~~i~·~~~~-· .. 4 
injection~ ,per ·w~ek wi~h .a. 2-~ay. res.t ·perf9.d· betwe.,en _weeks·. 
.. 0 • • • • • • 0 ~ ":, 0 • • • - I t ' . : .. • '' . • . .... •• ·I_ .. . ...... · . . . ..:'.. . · . . 
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1:1280 w~;--e ·~ound .. 
Ear vein QieediJ1g5· \i~re made 
. ~) . . . ~ . ; 
with'out·r·eductioh in t 'it"er: . 
2, · 6 ' · 9 and 11 c;l~ys ,.. late.r, 
S~ra ·from the' fou_r ·- bl~edings <~ 
: . . . . .. . ~ .· 
wer~ ·pooled and filt~er-sterilized~ · 
.' • '"' I 
r 
'.:.,. ' 
' '\-.J • . 
· ... 
The pi:oce"dtire of Ch~r~y, : Go_i·d.man, car ski, 'itnd· Moody · 
"1 , • • • . • • • • 
· (l96_oL was 1;1se.<i for . the · fraqt:i,onq,tio~: of ·globulins f1:~om 
. . . . ., '\ . . . 
. •. ' " 
'both ' the immune and the normal . ser.a and 
:' perf~rm~mo.e of the i·:~~i.re~·~-- ~nd: contr.qi tests , The 
, · 
for 'the 
.. pr·ot~in·· cont~;ts ~.of. the ·iinmun'e and ~orn:tal sera, 
. . ... .... . ,. _, .. . . . . . 
d~t-~r~i~ed· 'wi, t~ · ~ Ba~·s .ch >~nd L.ornb s~r.um protein me.ter·, 
t-' . ~ , • " ' I• • • 
.. wer~ t3 ~ 'e ·a~d .3. s·.~. ··.r·espe.ctiv.ely. . .The g1obuiins were not. · ·" . 
-
. . 
' ,• 
" 
. .. 
~ . . • ~ I ·~ ' • •' , • • • ·" · l • 
. : ~ dil\ited ~1')-~ wer.e· .. f):'ozen :~~til used. · · · . 
• I • ' • 
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. ., . ·-: . . . . . . .·,: ~ . :. . . : . . . . . : . :: .. · :· . . .. -
. ~ ·· 'All stal.ning. was. ·.done ,in ·moist chambers at·.; room 
. .. . . . . . .. . . . ~ . 
.,__ . . . 
tempe;,.-~:~·ure:.· _ < ;h~25C}··. ·for -30 ' ~inu~~s . . ,Ba~t:o-~A buffer ·:," 
:· • } • • ·.... • \ "'·· • • ,· . :. p' .. .. ~ • • • .' · :; ~ • • • 
- ·. and B~cto-F~· moun.ting. ~:lui~ (botb pU 7. 2) wer!=! used for 
• • • • ~ • • t • • • • ,• • • • 
rinslng .· and •mountil,:g. the· sl.ides. Th'e labelled globu;Lin .. 
. I : . . . . ... ~ ' . 
used. w_as ·:eactci~~A rapbit gl.obulin ~ an~iglc;>bulin .·(goat). J 
• • • • • • , .. .-·: • : • • • • <;" • • • 0 • • • 
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· .F.r~m'_ 4B..;fi.r '· sfa~ts of each· .isoJ.ate, . . five smea·rs ·:We.re • ~ • J • • • ~ -.: 
.. 
made;, aj{~~ried :·a~d fi~eq in ·· 9.5% . · eth·cil~~l:: T'l.o ~mears .. 
< ,' q . . : ·. :. , ... ·. . ' . . . . • :. . 
.were -stained with both'un.labelled immune globul~ri artd 
· ., ' • · : , ' , • .I 1 ' t "' 
l~e{led · an~·lglob.uiiri.'. ·-rwo. were ~sed. ~s· cont~ois ~ ~~e · 
: ~· . I . .. • ' ~ , . • ~ . . 
.. ~i-th· ,unlab.e1l~cl· norhtal: .globulin i n pla~ of . u~l~elled' . . 
·. . .. : . . \ : .'.· . . . . . . .· . 
immune.· globul:-in ' and ·.the .· other without ·unlabel l ed ~:mmune 
• • • • • • • ... • • ~ 0 • • CJ . . ... • . ,: • . • \ • • • • • ' • 
· ·. g~Qpul~n ,- b_oth ··.fo+l'owed by iabell~¢1· ~nt~g!'?buiin: ~-, · · T~~ :. 
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last sm~ar, .u.sed to d~tec;:t ~aubofluoresc~nce, .was pro:-_ 
, . 
. . 
cessed· without -the use of globulins,. A flow· diagram 
~ ... ~ . . 
.· for the staining J?.~c:'c.edures is ·given in Figure 5. 
·.As soon as they were ·:·. prepat-'ed~ · th~ 'sli.des were 
exaniined wi 'th a binocular Zeiss Un.i versa! . microscope 
. \ . . . . . 
'a 
. . . . _, 
equipped'_wi th -i2. sx wide.· :4eld ·eyepieces and a lOOX q±l 
J ' ~ • 
immers'ion objective. A bri-ght!ield condenser . (N .A. = 
. . . 
. 
1 ~ 4) _was· used. •The illuminant·' was an Osram HB0-·200W 
" . 
me~cury vapo~ lamp. }\. UG-1 (3mm) excl.ter filter, a · · 
· BG-38 reC:~l'-absorping .f'i'lter, and .a No. 41 barrier filter · 
·.·were us_ed ~ 
r 
Fluorescence of the organ~sms " was rated -as follows: .· 
' " ' : 7- ' ' 
. . . . 
4+ : B~tl~ant yellow-green .. color, . very sharp 
3+ Brigh·t . yellow-gr~e~ color, _sharp and clear 
2+' Defi nite fluoresce·nce, colo-r defin.i tely- ·yellow-
• 4 • \ 
\ c,o . gr~en, _ but of low intensity 
1+ Definite ' fluorescence,' color _non-descrip~~ not 
. . . . . 
de fJ..'ni te green · 
+ Borderline reaction beto/e~ri 1+ and 0 reacti9n" 
•• ' J • ~..  . n 
0 No _fluor~~cence. 
This scale w·as -used by Mos~ovits : imd · Foelsche ( 1970) ." . 
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RESUL'llS 
TEMPERATURE 
each 
. . 
The wa~ei t~rnpe~dtuies at the depths sarnpled .on 
trip.are shown· in _Table 1, Appendix . I. Figures 
II<- • 
. ~ , . . . 
6' '7 -and 8 show the teinperat'ur·e. ch,ange~ which occurred .. 
. , . . 
for the surf ace, 'rniddepth an~ bot torn, respectively.··· 
I . 
. From September. 12 ·.to· Janu~ry. _25._, the surface 
water temperature 'fe:l1· f;r6.rn 13.0C to .-l.OC. The ·· · 
. temperatur~ remained :at ·-l.oc until Mar.~h. 21, .rose t.o· 
·o. 5C on · May 15 and ~a.Y 29 ' · a~d then, ..,in~reased st:eadi.ly. 
. 
to· 14.·oc .on August 10 • . The variation. :from minimum 
, . (' -
C-:l.'Oc) ' to·maximurn .(14:oc) temperatures was, 15.0C. · 
'. . . " ' . 
These data show th~ existence of · an annual cyc~e of 
. . 
··sjlrface temperatures with maxima i~ lat.e summer (August· -
, 
·r 
:: :~ 
- . ' ~ 
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'••, 
. : -,.~ 
.. .... . · ·,' 
. . . !t 
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(\ . ... 
~.el?temb~;> · and ~i'nima in, wfnter . (Jan':lary - March).· ) ' . . l' ' I 
' ' . ~ 
I 1 . , .' . ,< . 
The middepth .(therrnoclin~) .water teJ!lper·atu.re fell 
~~:~ 
.. · · c~nti.m.i~usly· f~bm··.a ~axirn~ ·9f 11. s.c 'on September: ·12 
• . . • • • ~ .t • • • • . • 
I~ 1 ~ 
~·. . . 
. ; 
. . ~ . 
· to -1-.0C on January . ~5; wher~. it. remain~d ufitil Jpne ·.1~. 
The temperature· .increased· to 5. OC on july 10 ~ fell to 
. . . : .: · 
2·~_ac ·on Jul~ '24, ~nd ro.se·.again. -t~· . s·.~c on ·-Aug~~t 1cL. 
I ' ' < ' ' ' • o ' • 
• . ' • • ' • .'. • • • • • . • • . •• l . ' ' • • ' 
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ternperatu·~es was 12.~ a c... The ~y.clfc :n.at~rer of · the rniddepth 
. temp~ratuxe ·r ·egime i~ · ·at·ill::. ev.j.d~nt· ; . b~·t, ·. due to th~ . low 
. . . . . . . . 
teinperatur·e ·s . . r-e.cor.ded ~n · .th~i 'iat~ .1973 · tri:J?S, · is' not as 
. .· . 
pronounced a~ tl}at ·of the surface . . 
~ .. ··. .., . 
. . ' 
• • • • • 0' . • 
From· September 1'2 . 'to ·october 24; the :bottom wa'ter 
' ' ' ' I . ' ' ' ' • • • • ' ' • <I ' ' • 
· t-ernp~r.ature de~rea.s'eCi ·.from ~. 7C :to :-:o ~ 6C; ·. t.h~:ri ·, · o·n· .. ·. 
N~v~mber . 23, · it' rose· to . ·~~ ·anoinalo~s · 3. oc, . t·h~ ·· highest . 
. . . . . . • .. . ·· .. :.· ' .. - . . . . . . ' · . 
bo~~om ~ater· temperatu:re ·.rec.orde_d.~ . on ·January ·25 ., the 
te.rnperCl,tu~e: .fe·ll tq · ·.;..1_·. oc·, .where. lt' r~main·~a· .'until·. May· . 
,.. . ·. . ' •, . . . . . . . ·. . . . ·. ·-. . ·. . . .· . . . .. . 
29,· 1?,efore ·dropping ~ .to . -t:-~e rni~l'imum of . -:-2.o.c · on. · j'l,lri~, 1.'7~ 
·. . . . . 
. . . . \ 
. The temperature r ,ose. ·to ..:i~2c on:·.July _lb, ·¢iec~ease:d · 
. . . . . .. . . . .. . ,• . 
f I o • 
·slightly· fo ·..:1 .• JC on · d~ly· 24 and. : inc.reas~d to :..o. ac on 
• • - \ 1 ,' • , 
0
0 , • 
0 
.~ ' • •' • • ' ·~ ' • : • • • • , • • • • ' ' • I 0 • ' , • 
August · lO •. The differen~e bet'ween. minirn\lfil (-2· •. ocj and 
. . . . ,.. . ' . 
niaxj.rnum {3:oc).. te~pe:ratur~s •wa~ .s~.oc .... There ·was · little 
·, · . . 
. ~ - . . 
evidence of sea·sonal vai:'i'at~on ·' in .bo:t;t9in·. water t,empera1;:ure . 
. . . . . . . ·. . . . ::"\ - . . ~ . 
. . . : . . 
_D{t<( i.n ·Table 1 also 1ihow t~a:t, wi~n · respe~.t ·· to 
temp~rature;· · · the w.ater col\lJ!Ul. ~as hoinogem~ous· . fro~ ·top· to . 
. ~ . . . . . .: . 
. . . . . . . . . . . ' . \ ·. 
bottom from November 2-3 ·.to March 21, and near~y . ~omogeneous 
' . 
, . . 
• ~ I " ' ' • • • • • ' ' • ' • • • ' I • ' ' : • • • '\ • 
on May 1~ and.· May 1 29, (toi:?.· .to. bO,t:tpm - t:emp·e~a:turEi,. 4ifferences 
were l.·s.c) . ·, 
Th~ 'trips ~ade·. i ·n·. s~~tembel:: I on.· Oc.t.ob~.r . 24· ~ ·. and !rom 
. Ju·ne ·to Au.gus·t sh~~ that therm.a i'·: ·~:t~~:tifica~~ori :·~~.i~~ed.~ 
. . , . . .. . . . . .. . . . . 
· · Dat~ on the e~tent of thi s · ~tratiflcation · is . given : in . · 
. . . . . . . . .: . . . . . . . . . '...  .· ~ •. : . .. : . . . . f. . . . . . . .. : . 
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surface ranging·· from 5 t0 22 m agd showed thic~nesse·s ' of 
5 . to 15 m .• ·· Strat'ifi.cation was mo-~t · p~onounced on 
_September 12, July 2 4 and August '10 ., which showed a 
.  
temperature change of 0. SC per meter . of .thermocline 
depth.. 
SALINITY 
1 . 
. . 
T.ab le G , Appendix. ~, :· shows the salinity changes whtch 
I ' • ' 
occ:qrred during the 'sampling period at each o.f .th'e _deptlis . 
samplE'!d· Salin~ty valu~s .rahge1 froin .~_' 'minimum ·of: 31.4~ lo_o . 
. · . . . . 6 . 
on August. 10 to a maximum of 36.3. /oo •on .r:une 27 for 
'. . . 
. surface waters; ~rom . 3.14° /oo .on August. 10 to 35 .Jq /oo · 
on' Jan~ary 25 for mi9.depth' (th.ermocl.ine) wa'ters·; and 
: . . . . . /} . 
·from J4.s9 /oo. on .August· 10 to 3·a •. ~0';oo· on June : 13 for 
. : .. 
• . 0 
bottom waters. G_enerally,.· salinities ·increased wi~li.· 
inc~eas~ng aept_h ~: The. value~ obtained c;tr~ close~y 
·related . to open. ocea:n s~lin'i ties,·· whl~h •. range from . 
· o · o · · · · · · · 33.0 /oo to 37.0 /6o (Fairbridge, 1966), and -reflect the 
a:bsence 0~ fresh water ru~f i.nt~ the samp:J..ing ~rea · • 
'}IOTAL B~CTERIA COUNTS · 
(] . . 
· Ta~le 1, · Append~x II shows ·the nUmtsers of bacte'rial 
.col.onies gr~~ing .?~ · th~ .YBP-SWA ·pl.ate s : sp~ead with . 
undiluted sea ·water. for each tr·ip .- All counts we~e · · 
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¥ ,, 
extr·emely low ax:d in 211 or 78% ·.of the 270 plates 1 no 
colonies were prod~ce.d. Because of_ ris 1 ,all q.uctntitative 
bacterial· data ·.were determined ... from the counts made .. on the 
.· plankton tow samples; ~fter · 3 weeks incubation. •. 
Tables 3 an_d 4 ·~ App.endix I~~· ,gire · the t~~a~ nuinbers of 
bacte_ria per liter of plankton tow bas~d on_ growth on: . 
YBP-SWA following incubation at 20C and 5C 1 ·'re.spectively. 
',['he calculSttions on which 'these. numb.er!;? are based are 
provided in. Table 2 1 Appendix II. , Figures· 6 1 7 and 8. 
• - . • • 0 • ' 
' 0 • p 
compare t~e counts per. ·liter Of plankton tow base~ on 
20C incubht.ioO: \iith those based· ori · sc ·incubatic;m. fc)r 
.. surface 1 ~iddepth _(thermoc.iine) 1 ,and . bot.~om 1 · res~ectiv~ly ·. 1 • 
.. 
. 
~he 20C and SC counts : per,. li_~er we~e cornp~red ·. ; . 
~tatistically using th~ .. ·T ·t~st · for paired observations. ,. . 
The c~l.culations involved are provided in Table s·., 
' ... 
Appendix II. T~e. null hypothesis~ that th~ .two in.qubatio.n :. / 
. . . 
tempe]:'atures . pr<:>due~d no difference . i 'n · bacterial ·counts_, 
:was· ac;:cepted,· even. u~ing . ~ 1·eve_1 qf significance (J..) 'of 
o .10. This mean~ t-hat .·the results· provide nb ·.evidence 
that either. incubati.on temperatU:~e is more 'favqurabl~ 
. ... . ~ ' . 
.. . 
. . . .. . ' -
than the ' other in · allowing the :g,rowth· of maximal numbers 
. of bacterial coio.nies". 
·- .•, . 
•' I 
..... .Fig~re 6 shows 'the nuinbers ·. o~ .bacteria · p~r· lit~r of 
. . • . 0 . 
surface J?lankton . tow sampl,.es and the· surface ·water · · . 
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plankton tow fqr the sampling period, 
Septenlber · .l2, 1971 to AugUst 10,• '1972, 
on YBP-SWA' at 20C and SC incubation • . · 
Bottom:·· . Surface water . temperatures during the 
•( :·sampling peric;>d. 
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•. t~mpe·rat'ures :·recorded ·· for _each ' trip: .. The 20C counts 
· .. 
• .. 
. .. . . ' . 
rat:l_ged . :!;rom a<.h_~gh·. ~f _: ·.l i ·h2 p~r-- liter :·on . ~epte~er : 29(\ to ·. ·, 
_: .,..· :·':~ ... ' . ·. ·= \ . ' · .. ·.· . . - ,." . .. . ·:-_ · . _· - . . . . . . 
· : -a .. low. of 10 per · liter on May ' l5 . . The.SC ·co~nts ranged 
' - \ . , ' . 
\1 . - , 
·. frc;;~ .. a · ~aximum . of -:4,329. ·per l:i, t~r .·.on -·Novernbe·r ~3· :to ·· a : 
. . . . .· . . . .. ' . . ._\ . ~ . .· . : : ·: . . . . . : . . . ~ .. 
i . minim,um ·pf.23 .per liter on May 15. : The highe·st - c~unts 
·at -~Jh irt~~ation ~e~pe.rat.ure·s ~~r·~ · f~und f~om ~ep~embe'~ 
. • . • • • • • • • • : • . .. • • • ~ . • • .. • •• • . ' • i. • 
• • • • • • • . '-"' . • . • • • • • • . • • • 0 
-- ~_-_. · to .No_:vembeJ: .when ·water '-temperature's were, .falling (l3.·oc .,-· 
• ' • • • ,• . _· - - . - • ' • IJ ~ ·_. ,. • • - - • • • • • • • • : • .! . . . , 
' .. 
.t 'o :3c>: : .. Ekcept· ·for: tne ' sinai1 .:.inc~eases ~in -bacterial. .· 
. ~. . . .. - .. . . . - - . •. .- . . - . 
. . . · 
_··.n·~~fs_ .. op · May_ ·: i~ and - .;r~ne ··21·,. cou~ts ·at both ·· inc~a~ion 
. ·- ...... 
..- temper_atu~es ·for···the· remain'4er. 'of . t;he ·:_ sampli~g·; i:,-eriod · . . 
. _... . - . -- . . : ' . ;. . - " . ... . . '-.. . . .: ' : :: .~ : . .· ·: .'· : ~ . .' . . ·. ' ·. . 
. .. were low~ n.ot. o.nly: whe_n the_ watet< tempera:tures : we·re. -_ ·. 
. : -~. . .~- ,I\ - : . . . • r' • . • . . • . . •.- . r 
·lowest· ( -1 ~ oc t'o O=. ·SC) . f:torn.- Januacy ·2s . to· May is, ~ ... 
. - .. ' . , . . :. . . .. · .. . - -
•· . . . 
.. ·.: . also' 'from July: :10 ' to · August . lO '. wh~n · wate~· 6~mper.at'ures 
t;;) - • • • - - ":' ·--- ~ / , ·_ • - ·- • • • • • ' 
··_w·e~e ·;:iric.r~a~inq -tO ~1\~ .. ~~~l_m?~ .otii' .-0-C. t;~ ,-1:4 • o·cf •.- . --Th~ 
~~-y - i9 ·incr~-~~e --~as · a~-~~~~at~d-. w~:t~ :a· i~~ . w~te·r · . .. 
• • • - : - -. ·-_ • • .. • • • • - .: • -.... <;) ' : . , • • • ._., .. 
.. · · .. : · .·tempe~ature .(O_ .~SC) · ; whi-le· the · · ~une . 2.7 increase occ\.u;red· .. 
' .: : .', •. }.'· . ; · .... ·.. . . .· . .. · .. . '> ... _· : ; . . . . . ., 
at 6C~ . . .· 
.. 
\ : 
. ·\ 
' .. 
·.· . ' 
: . : - • 1. • • • • ~ • • • • .-:· ) •, - -
. ,' : ' • , ' ' _:, • : .~ .... • · , .·:: ·~ . ' _, • ". ' •• • · _.' I .,..· •o \ D • .,. ( / <o. o • 
:~~.era qf bacteria _· per ·li_ter 'of mid~epth :~(thermo- · , 
-- .. . . . •. t ' ·. : .·- . · -· : • • • _· • . • . • . ~-. - ' • . ~.. - . 
.. · · · . Ql.ine) ·pi~nltton : ~nd ·middeptn· · (thennoclin_e) - ~ater. 
: • •• • • • . ' t • •• - ... . ·- ··o·. . • ' ~ . . . . . . - . ..\ . t\ \ 
-::. ·. . :· .· ~-·> ... .-.-.. :t.e~p'e-~at~~es a~~ sno.}'/n . .t.O Fig.ure 7. . At ~oc i~cUbation, 
·_ .. . : .  : .. . -_ . ·th~ ~~~;t.a · .p~~-: li te'r·. ~~uig'ed .'f _r .om a high · oi . 2, 57.3 ·on June . 
. · _ .·:. -· ..·: ·· :···~--~-~.--·-~:~~::~ .. :::16~-:: ~-i;- ---~-~- ---~n .:May . ~~ -.. '. :At. : ~C·· ·l·~~~~t~on , . · ;!}.~ ·~ounts· 
·~ • ~ • • .: • .;• ,• -~ .- • " •, ~: • ·, : ~ . .- ~-•'• .-,_>• ' ~: ...- ' -~ • : ' b ' ' • , ~ ' 0 ~ : '• 0 
0 
" I' • ,"• 
·· .: · . · .. · · ::. r.an·ged frqm. 3,25'7 ··per · liter: on June 13 . to .65 per liter CAin · 
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were recorded. . Tre· June 13 maximum occUrred at the lowest- .. 
· \l,?at,e~ t~m~~r&tuJ;"e (.:,1 ~ OC); the November 23 ·maximum occurrea 
. . . . . • -~·a. . 
when the water tempe.rature was · 3. OC. .. ' t-t . 
Bact'eria ·:coun·ts per liter· o~ 'bo.t.t~m plankton and 
bottom wate·r ·temperat-ures are' shown in Figur.e. 8-. · . The 
. . " , . 
· ' 
20C ·c'ounts .ran·ged· ;from a high of .1-,414 per. _liter ori · · 
Septembe·r. 12 to a low: of 41 p~r.lite~-on . ~a~ lS,.: and 
~·the SC-.c~unts :from 2,75l .on Nove~er~ 23 to 1'4.0 on· .. 
. · Feb+uary. 6. . 'Peaks of approximately the same .height 
• • t .J • •' • ' ( • • . , 
for the 20C counts ·occurred· on September .f2 . and 29 ·&nd on 
r J . 
June 27: · For the sc .. cou~ts, a large p·eak .occ;urrc:!"d on:.· 
No~eniber >2.:3 - ~~cr a smaller pe-~k on June ~3 ~ . Altno.ugh .· 
tlf'e· se~te~er and .November· high~ · corresp.ond .to · the .; 
"' . . . . . . . .. . . . . - . ' ~ 
.highest._recorded bottom water temperatures ·cl~7c,. 1.oc, 
an.d · ~. oc, . respectively) ·the Jun~ peaks . occu:r;r~d when 
. . ; . . ·. . ... . . ... . . . . .... ' ' ~ ' . . . 
water· temperatures.' .were l'qwel:[lt: ·(-:1.5 and · -2 .• 0C) · • . 
.. . . • . ' 4 
.. . · .. . 
. . . 
. · In~ ·examining . th~ bact·erial nunibers, obtai.ned ·at both · 
2-o~ and sc .a~d~ · wate~ tem~e~attires 'ob~erved; no ·clear 
. · · .. ·. · · · ~oliS osw<;\~ ~h.) .. . 
r.elationship can be · obsery~,d~ .. ~bact~~i~l - ·nUmbers were · 
. ·, 
fO'!lnd ·at th'e ·. lOwest water _temperatu~es_ 1 b't!~ ·lft\ieh ·_h:i9her. . L· . 
. . . 
baeterial ·m·ulll~ere ' , ... e~e als'o fotsna ·at 'the leues:t wato~ 
1iQHlp~~a~:re's ~· ·on the other hand I . in· e·arly September . and 
.·.from JuJ.y ·.to ~ugu~t,· · when :~Y,r~~ce: wate~· ~t~11,lp.ex;a~~~~ · we~e 
• • •• • I. • • • • • • • •• • • • : f • . • ' . 
highest·; bacte:ri~l nUmbers wer~ low·· or· ~ei:y iow. .. . · · 
. . . ,• . • 0 . . . . . ·. ' •· . • . : 
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. . ~ \ . ·. . . ·Tempera~ure-wise, in going ·. from. surfac~ to: ~i~~-epth 
• 0 
(the,rrn?cline) to ·bot to~· wat·ers .,. ~one pass~s from ·a 'pro- · .' 
. -~ounced cyblic patt~rn, to a iess ~rono'unced · cy.clic · 
patter~, to. a situat-ion, in· the bottom w~ters, whe~e 
t.< .' 
• p • p • 
water tempeifJ.ture·s .· ten~ _ _to. be u·nif~rml¥ .quite low~ · ·. ·. 
, . . ' I 
throughout the year. .. 
.. 
-· o ' 
' -~ 
The ·surface, middepth (thermoc.~ine) ·ancii- b~tt.om c ountS 
.. ' p • . 0 . 
· · of total ·b'a.cteria per liter ·were cornp·ared statistically 
using .thEV T test for ·paired observatio:Qs. . Th~ 
. . ' . 
. ' · 
• • • • • • t f. 
· ·calculations involved are given. in· Table 6i. Appendix 
.. 
II. The I:trill hy_pot:-hesi~, that diff'erent sampling depths 
. • 
produced no difference in . bacterial counts were. accepted·, . ' 
.. udn~vel' o~ . ~~9n~£icance 
0 
(.,t..) of ·0.10 • 
;-
IbENTIFICATION OF· "ISOLATES 
. -~ Q 
" . ./ . 
·'I'.ables· 1-6, App·~~dix IIi~ ~'!how the ch~ra~teristicts.· 0 
: determined for. those .genera to which th~ ·:isolates ex~ined 
. . . 
were · assigned• .'. Id~ntification · to the .species level t-tas 
• ' ' f • 
.. 
More .than one ·· "type" of' each gen~s was· . 
. . . .. . . ·. . 
identi'fied; these· have been .given' the arbitrary.· 
~ .. 
t 
falling . 'into two 'qistinct g·~oups ~ . co.uld n~t ·be ident~if'ied:. 
.. " "' 
. . 
to g~nU~ according to t~e s cheme '!JSed and SO Were . 
designated · qnknowri A and B. 
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None of the isolates studied were able to grow.well.on 
freshwater medium. 
'The range of cell dimensions and morphology fo~· .the 
genera :i;solateci are gi.ven in Table ·· 7, Appendix III:. ; · 
. .. 
·' .Table 8, Append~x ii.I, gives the results of the 
· fluorescent antibody staining· • 
. ' . 
Those - isolates 
o' , 
identified as . pseudomonads generally g'ave btighter . . 
. . . .. . ... . 
I • . • 
fluorescence th~n those- rega:rde"d as nc;m-:ps~tldo!llon-ads. · 
. Group IV pse4domonads genera~ly produced less int~nse 
. . 
fluorescence than did ~hos.e of ·Groups I and II. · Thre·e 
. . ' ~ ' 
. . ' 
of ·the s~ven isolate~ ·.designated Unknown B ~h,owe~ .a . 
maximum fluorescence ·.equivalent to that. shown .by- Group 
. , • . , r • 
IV 'pseudomonads. · Autofi uprescerice. was nof · obsef.ved w!.t~ 
. ·.any of the isqlates; 
•. 
Altogether '25~0 .culture.s (1321 . isolated · fr~m samples · ·. 
. h 
plated onto YBP-SW.A and 1259 isolated from . samples ." pl.ated .· ' 
.. ' • D • • 
'onto ~etri.mide agar) w~re · ident:i,fied. ·only 391 .·o.f .. thes·~ . 
. . - . \ , . 
w~re non-pseudomonads. o T.ab.les ~: apd 10, ApJ?etldix III", 
glve the ,breakdc:>\.m, . by s .ample ~ · .o~ the:. distributi~n · -~f the ·· 
. • • ' . , c • . . • • 
• I - ' j.4 ' ,. ' 41 • 
. pseudomonad. and non-pseudomonad isoloates; ' resp~ctively ~ . . 
·It is ·possible to make comp,arisons between the nwnbe·rs ~f : 
. \ 
I 
. I o 
Gro.up .· ~ arrd · II ps~udomonads isolated on any. trip. Howe ver(. 
. ~ ' ' . . . ' 
. . 
'. 
·, . . .:. ~ ' . . . . ', ' . . . ' . 
s.ifl\ilal;' c.otnparl:SQns.. involving Group IV · pseudomonads and ... · 
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.. kh.own to ~nhibi~· the g:t:owth of these organism7, was used . 
'\. • r· . .. . 
in 'J:he isolation pro9edure· an,d, · therefore, isplates so . 
~dentified rna¥ be regarded as. ·exceptions and · not 
. , 
. . 
representative of· ~l~ th~ Group IV pse~domonads and non-
pseudornonac}.s . present. ··· There are no data on the ,ideh-t:i ty 
of the organisms ,present. in the samp~es which were 
uhiilile to grow on ·cetrimide. 
PSEUDOM()NAD COUNTS~ 
' . 
.. 
0 
The numbers of· pseudomonad~ per ~iter based on 
counts . of. possible pseudomonads made· ·on Y.BP.-SWA and 
. ' 
cet:r;imide agar are :given · in Tables 2 ana· 3, respect~ve~·y, 
·Appendix IV. The·· c'alculat~ons i~volved ·are given in · 
No values are given ·for the trips 
.. • I t ' ' ' • 
of ~ul;y 24 and August ~0. ·After 1 'to . 2 ·weeks· .incubCl,.tion; 
large n~ers of ~olds ·.appeared on· the .. original p)..ates 
.,. 
' I • ., ' 
·of 'a11 scprtp.le·s ·take~· on t,hese ~rips so that, although. ,I 
,. 
total: counts pould be.made on these plates,. no isolates 
could be taken from them. ·· 
' I 
. Using the T t 'est f,or pair~d .. observations, cou~t~ · ~ 
.. " 
. . . 
. qf ps$udornonads per l~ter ·of· planktqn 'dex-iv:e·d ;Erom · . 
. . 
·YBP-SWA. and· cet~imid~· ag~r plates . we~e . c~rilpare~. The . 
. ' . . . ' . . . 
:: calc;ul:atiops . a;re. ·.pres~n ted · in~ 1'.abl~ 4 , · Append.i~ ·I.V .: 
' • of: • 
~ f . : • • • ' 
· .' Even'w.ith . a iev.el '.of sigri.i.fioance . (.c.) .. o~· 0.10, the . . ' 
• f .. . . 
-null ·hypo.thesis; · that . ~here we.re 'no .differe'nces in ·· ~hes~ . 
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two .se.ts .of count~:, was n'ot r~jected. There i~~th.erefore, 
a 
.. rio evidence that more pseudomonads can be recovered by 
·· · isolation on.to "·YBP-SWA before ·trans_fer to ·cetrimide" .than .\ 1 · 
. .. 
. · b~. direct isolation onto cetrimide . .'. · 
.Figure 9·shows . the numbers 
.. 
c;>f su'rfaqe plankto~ an4 the · surface· water temperature • 
. ; . ' \ .. · . . . . . ... 
On YBP-SW:A/ ·the .courits per -liter ranged· .. from a high of · 
. . . . . . . . . . . 
. ' . . ' 
· a65 on .Septernb~r 29 . to a low ·of 1 on :i-fay t5 ·. · The. 
• •• • •• . o • • • • • '. j • 
·: cetri~i'de counts went. fr6m th~'.· nia~imum ' of 6.5{) p_e~ . . ~iter 
on October 24 ·to the minimimi of l per. iiter on 'May 15 •· 
. . ~ . ; . . ., . -. \ . . . . . 
Hig~es~ · r:~mbers em, b~th ,.me'dia_ ~cc.ut:re~ i~ - the· .autunu'l. 
• ' • ' I • • • ' 
when water :temperatures . were· faTling • .A . sma.ll. peak _·. 
. occurred . on jU,~e. 27, . · ~cco~.~in"g · '!:o. the Y~P-SWA cquri.t!3 ~ 
but the c'etri.'mide oourtts . showed no sig~ of :a ·spriri.g-
·,· . 
suinmer · ~~xi mum~ . F~r . both media , i~we s t n~ers .. were 
• • • • • • ' • • • 0 • j • • • • ••• • • • • • • 
iecorded du:dng . . th~· period of l~w~~t ·~atet' temperature,· 
·.··. . .· . 
but tpe · low counts for July ~0 . corre~p-~nded to . a high_ 
. -· 
.. water t~mp~rature .. · 
. · .. ~ 
·.· 
• . . =. . . . . . • . . • . .• . . • . ' J • .. ~ 
Pseudomonad~ · pei· .liter of roiddepth: pla·nktpri and· 
. .. . . 
mi.dd~pth water temperature :are· 'show~ in F~g~re 10 ~-- . ·The 
: . . h~~he~; : .co~~-~~ -·pe-r ;Lib~~, ·~ 1 :~~.~~ :>on· . ·yaJ?-sw.A ~d :_eoi· on 
c~trimide; ·were 'recorded ' on. Nove~er 23 I . ;'_whil~ ·the ·lowest 
. . . . .. . . · . . . ' ... 
' 0 0 • • • • • • 
c'Q.unts-~ _· 9 ·on· YBP-SWA and' ' 7 ·on . 'C:et~i~id~ <;>ci::urred _ ·o~ :·May . 
• • • • • • •• • • 0 • • • • • •• • • • ·~·, • ' • " · . • 
15. · Eoor . both. ·me'di'a; . p:t:oJllinen:f; ' p·e~s oc~urrEid ; on :. Nove~er- , 
., 
·' 
' I ,. ' • o ' • ' ' • • ,• • o o' ' • ' ' • 
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Figure 9 •. ,Top: ·Pseu,domonads per l,i ter of surfac.e p.l;ankton 
'· 
.'. 
· ~ . 
~ . 
. ' 
. · 
..• 
,,,; 
tow ·for ' the s~mpl~ng period, sept~ffiQe~ 12, 
~9~1 to : J~lo,, 1972, on YBP-swA a~d . . 
'cetrimide ~ar at 20C incubation. 
. · 
'' 
' Bottom: Surf~ce w~ter temperatures during the 
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. . . ~ . . ·. ' . . :..:: ~ . . . . .. . ... ~ : ·: . ·'. " . . .. . . . 
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· l .O .. a~ a·. 1_\ug:ust.::-1 0' • . ~--Tlie · g·reatest;.: .·nl:l~~~$ ':,\-t'e_i~ -. recorded from . 
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. . ; >< ~ .enti'~e ',p9p~-la·tic>n. cmd: .app~ar~d . only:: f.r'o~ ~Nove~er: to M~rah .. ' 
• ,' • ' • ._ '• , •. '* • ·,, 1 • ~ # 0 • , ~ I • • •' • ,t• • • • . · ~ ,• • • ~ ' • ' ~ :. ,' ) , • • , , • ', : • 
· ~ · : ·. o~ May. . .'As-· ~his': · ~equence charact;eriz~d all th~ee dep:th~, · 
• o ~ :. ' • I o' ' • o o o o o: 0 o o • 0 ' ' ' ', l o : • ~ 
·. ; -·i.t . .i.~ · not.· dir~ct.iy. ·related -tp water_:·temperatlire. 
• , • • ,.., • ' . • • • • • • · " • •• • • • :. • • ~ . ~ # ..,.. . 
P. , ' ' ' ,, • ,"' 0 • .. • I• ' ' I • ' 
6 ,•, ' <: 00 ,'* ('I 01' - ~ 0 , ·,_.. • : '
0 
, • L ~, • • \_ • 0 ' , 00 ~ • 0 
0 0 
• 
0 
\ 
_ ~-. • ••• •• Q · ~ - . _··~h~. p~~tpp~~nk~~~ ·~pe~i~~-- ·~om_p~~i.t~~n .rf:,-~he _ ~~~t;oti_ ·. , 
•• ' / ,. .. _' t-aw s~P~.e~ is' $i.ve~_.in .T~le 2-, .. AJ?pe~~ix .J. · .The . d:~,at:o~ - . , . 
, · . ~ • o • • ::- . · ~ •• • .. . • I, . · . · . . , 
· . · _; ·bloom$';·· at, al,l three sampling deJ?th~ I . were dominated· by. · . 
•• ' ... ~ ..... • - \ ' , -~ . • • • : • , . 0 • • • • : • • • •• • ••• • ~ • • • • :' • ·'. • • • • ' • ~ 
. ~ - . spe~i~~~.o~· .Cha~t9c~rbs<-<S~e~i-~s 'of ;Frag~laria ·_ ~ls.o t:ori-•. · ...... . 
: · ~ .·· •.,.. o . .' : ... . .. .. - • ...._ ..... .... ~· ~ .. -..;~ ...... \ _.: .. ~ .... \i..- -~ ""' ... ,. . .... ~ ..... ~ ~ - ~ · - ·· · ... · .· C ._ . . . 
, .· ~ributed 1 _ b't~t to_ a ~esse:~;: extent 1 ' to .the May 15 i?eaJ¢s,. · · 
· . :-.· . . · _ . . -~~i.~~.-·~i~.P~·~~yiiqdrus· .. d~i~S,.:+~ ·qu~~i~~~i~~iy import~nt · ~· 
'" . . . . .. '· . . \ 
• • ' ·\ . • v • • .• /J ., 
\ •
40 
, • Q ' ·~ , • ~ ' ·, f 0 ' "' , ~ I , 
~ ,·;~ ' ... : ., 
, . 0 
•' 
.. . ·. 
• ('1,. 
·.-· ~ 
._ .. I 
•' .. 
·'· . . • ~ .• ' ... ~· •• , J "' • .· ' • ,. • 
. ,. ~ . ' .. ·~ ' 
0 •· •• 'f ~. t • • • ~ • . ' 
·i. . . . . :_ ._. '': .. .. . .. ,• 
.. · .. • .. 
' ' 
. 
.,; 
· .. ' :· .. 
' I 
. .-
jl 
' . 
,·: . ,,, 
·'· 
.. . ·:~ 
. :"-~ 
., 
' 
·'-
/~ 
' \ ' . . 
.\ 
. \ 
· ·· ;.J 
~ ,· 
., 
.. ./-
' ' · ·~-
... " 
. . 
·) 
. .. : 
... ~ ·:\ 
. . . 
0' 
./; ~ · 
'. , .. 
""'i'. • • 
·. 
f • : 
·'· 
. · 
. .. 
J . 0 . ' • . ...... # • 
1 : . . . 
. ~ 
·. 
. . . ~n ~he June 27_peaks which OCCU+red ~t the rniddep~h 
: .· . 
. ·. fthermocline) and bot~om. 
•' l ·.· 
. ,~ . . . . ; .... 
.... ' •' ". .·. 
~· I • • • 
.. 
· Tabl~ 3, Appendi-x: v, .compares tot~l phytopl·aq){ton · 
':'• 
-~ 
l 
•. 
' . 
... 
:> 
.-
·./ 
\ ·-. 
. •' " I' 
. ' 
I' ~ 
. . . .. .. ' . . . ' 
. .. . . . . . . . . . ·. . 
with total ·bacteria and total pseudomona<ts. · This in for-. 
• • • • .l• • • .•• 
matio:n · i~ .pre~ented ·graphie~ll.'y ·. in· Figures 18-20. :f?:r:: . . 
. ~ .. 
··suorface, middepth, · ~d -b~ttom:,· · ~espectl..vei:iT: . 
. . ~ · ·. : . . . . . ' . . 
··. 
Fr,qm Septemb'er 1:2 . to:· Octoper · 24 , · the surf ace .. 
• , , I . 
·phytop1a,nkton: numbe.r.s ·d.ecrea:~ed. ~tear;iiiy., wh.'iie both 
. . .. . . . . 
tot~l bacte.r.ia an<;i pseudomonads increased' then showed only ·· 
• • ,• • . • ' ' I • ,' ' . 
· :~;~ Sl.igf:l_t ~1uc'tua.tion·s.; ·_'J;'he"'i.-e Wa'S a ~ l~ght_. :i:ise 'in' p~yto~ 
' -' .· . . . .. . 
:' 
. .. . ...pl~nk~on . -~~mbers --i~~ November ·, bu~ _tota:l ba-~t-eria .~nd· ' 
I . .. . . 
pseudomon,ac'\ .numbers ·dropped. sl~ghtiy. _:ori Jan':lary 25 ,· 
. :.- . -~~e~~ of - b~dteri'a, ~se.udomonads, . ~~ phytopl_~nkton 
' • o I .. ' .... 
ct~opped-. Th~. phy~6p1a~kt::c;m1 th~n ·increased ~onstant_ly 
. . . . ' 
to . 
. . . - / .. . . ·. . 
· reach - their maxiin.um .on May 15. Total bacteria and ·' 
"' t• ' I • • ' , , •',' ' • 
1 
, ' 
. ·. . ~:·: .. · .... ' . p~eu~~~s. ~- on 'the oth;r J:i~nd, . ~~creased . s iigh tly at. 
· · firs:t but dropped to_ - ~~eir minima -ort.May. 15. . From . May 1~ 
... / · .. ·. to _Au~u~t '10, ~hytop1a~~ton ·nulnbers: dropped 1 then showed -~ 
small·inqrea~es . ~nd ~ecreases. Numbers pf bacteria and . 
·. ·p$eudornonads in~~eas·e~ from. May . 15 _to .:rune 27; · and · thEm 
·, I . 
.. 
,.. 
. . 
. . 
. \ 
. ·~ 
' ' 
. - . .. . . 
.Middepth '(i::Jiermocline). phytoplankton counts 'fe~l from . 
.., .. . . . . .. ~ . . '• . . ' . .. . . ! 1;. . • • • • .~ ... 
1F' • ~eptember 12 · to October _1_1,. incre~sed -q.~til November. 23 1 • 
• • '::t • •• •, • " • • • ' ""-""""' 
.. 
.l • · .. , .·!.·· ... · .... ... .. ... . ... ... . .. ...... - . '·- . I I . . .. . • . 
·and . th~n dr'oppe4, Orl . Januar¥ , 2~-.- : · · ~umbei:s. of .. total. bacteri_a 
. ' . . .. . : .. . 
' . . 
· .' 
. ' 
. : .. ' · 
. ' 
I j-
1 
,· r 
: 'I 
_; · I 
. . , 
' . 
. . . 
,. 
: . 
·.· 
., 
.·, 
' l 
.. 
. 
•. 
·' 
. , 
. . 
. . 
. \ . 
... 
. . 
' 
'· 
! • 
.. 
·• 
'' 
-· 
' • .. 
.• 
_Figure 18. 
M·· . . 
. ' ; 
. ' 
, ' .fl 
. 
·: . 
!I ,n .. 
. : ;.• \:: : ' ,• 
' \ . I :~l 
,, . 
' 
,. 
· •, 
,;. 
f I 
' 
-69·-
" . 
,. 
~ I "' 
.. 
. ~ . 
~ . ' 
. 
..... ·~)' 
·.· 
J 
·. 
; 
( 
·. 
To"Eal phytopla:pkton, total bact.eria, and numbeJ:S~ 
.of pseudomonads 
. 
o~. :sur~ ace p1~k~~n · per 
tow · fa~ the samp;Ling. peri~d, September 12·, 1971' 
.. 
1972. 
·. 
·. 
\ 
. ' 
'· 
.... 
.. . 
.. . .~ 
... 
! 
·; 
. . ,
I ' 
• ' 1, ,, . 
.· 
l • 
' • 
,. 
. 
' 
.. 
··., 
. 
' 
·.· 
~ 
., 
"' 
.... t • 
' 
' /\. 
. 
.. 
'\ ' I I 
.. 
•• 
I, '• 
. ~ .· 
. . ' 
. . ' . -~ . . 
.. ' 
: 
' ) 
'' .. 
.' 
,: 
.~· 
•r 
'· , ol, '> 
\ . 
.·.· .. 
' · 
..·:: ' 
' 
·\ 
o I • j l •• ~ · 0 ! 
. ·' . 
•. ,· .,, 
• . ... . 
··' , , ' ..... 
: 
·'· \; I· . , 
. ~~; . ~! . . ' l, .  .. i' .. 
' :. V· •, 
' 
·. ·'· 
.. . · : 
. ; 
' I, t' 
•·' :,t ., , 
:.·{ .:.>'": ... :. ; . 
'' . 
• 
' . 
• \ , o I 
. ... 
• . 0
, 4 .. 1 
.. . .. 
."";.. ' ' ( 
:. 
I 
.. 
.. ·) 
- ' • I f . 
· ~ 
' .. 
.. 
., 
'\ 
•,\ 
.. 
" r 
~· 
., 
, . 
,_, 
•. 
~-
' .. 
5 
.· . ~· ' 
•. ' .. 
'. 
,. 
. ' . 
.. 
. 
. ...... ' 
' , _ 
• i 
-·· 
-· 
·. 
' . 
I ' 
-:oo70-
' · ... 
. " .. .. . 
-~- -~h~.oP.ici_n~to·n . ·_·: ... '-.- . > ·-. .. · ·. 
·_Non'•P.~•uclo_~onacli· l- '"ota~ : .. 
. - 'P••uclcuftonatJa -. · · ·. ·J IGcterl• __ 
· · .••· No .P•~cl0m\1nti~ · .ciata :. :~vcinatal_e 
, l ' o • ,. • '\ • 'o ' , • I ' • I • I : ~ • • 
.. ·. ,· 
; I 
•'·. 
.... 
. · 
• ! 
" 
.. -. 
. ... 
.. ~ . ,' , .. 
\ :' ··; ·.·."-
. ~ ': 
,,•: 
' • 
·, .. · .. 
. . , •: 
. ~ ~ 
·. 
:' 
. .. 
.. , 
·' ~·:.. . 
... ~-... · 
~ I ' ' 'o l • • • 
: • : 
0 
I : I : ~ o, 0 ' l 
; -.. " - . :·· ..... 
.-· •. 
·, 
. , . · , 
.-. 
,i' 
' 
.. 
"' 
\ 
\-
\ ;-· 
~ 
' • ..  ) ,
~· ~ .\ 
' .... 
' y 
~-
., 
""~ 
. ~~ 
. .. 
.. :;. ~ 
·.-:-.. 
r 
<.~ 
' •r 
. :~', 
' !,• 
..-~ .. 
.\' 
., 
'·' ·~ ,t 
,-
. 
' '.;.'• 
• !' 
·' 
., ~-~ 
' I 
tl 
~~ 
' 
I' 
! 
·'i · 
..... ·~· 
•n 
~ 
'
. \ ~-·, 
' • ' .. _ ....... 
I · : ; ' I 
.:: 
( 
~ i .. ' 
'": i 
; . ~ 
"" , ~-., ~ ~·i' ,.,.• :... r>. ' , ," 1 -1 ' ... • • • 1 
. fo~~.~t~;~~~~'\<:s:I ... ~i:!f't!!~T:·~~----Irilllll'lll!ll!!l~:vcr.m•WJ~~~~ 
. . . ,) ·, , -
i '· 
.. 
-71-
.. 
.. 
.... ,, 
. ,. 
. • 
· ' 
;i 
,-, 
•, 
-. 
. . . .. 
... 
.. • 
.. 
,· 
·. , 
( 
.. 
.J 
'• 
. ' 
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and pseudomona"ds remained .at a ·nearly constant ievel: from 
. . . . . 
S'eptember. 1~ to October. 11', ,increased- on .Nove~er _2_3 ~ and' 
•t}:len dropped on J?Jluary, 2 5 .· N.umbers 'of .phytoplankton, . 
. . . . ... 
,., ·- . . .. 
. tot,al b.acferia and pseudomonads irtcreased ori February 6, 
·," 
• ., • ' • o ' ' • • • I ' I 0 \ .. ~1 : ' • I o "' t • ', • ' • ' J t I "' • o l 
·then· phytoplankton. m.irnb~rs .-1rtcreased to· a max1murn on May ~ 
... 
.. .. . ' 
. 
~ 
l• 
\ . 
• C. 
:.. 
' ..
' ' . 
. ' • ' • •I' 
, I ,.' • 
' . , 
~ 
• I'. ~ : , 
• ' Q "-• • ~ ~ • - • -~ • • ~ • \ • 
. . . . . 
/ 11.. o I ' I .. o • , 0 I 0 o o O • ' 
1'5/while, .. to~.a_i bacteria and pseudomonads dectea·sed-r to a . 
. . 
. ' . . . 
· ~ ri'linin{tirn 'on the same date ·. 
. . ' 
· on· May, 29, ·rose on J\me 2 7, fel'I · aga.;in o~: July 10, and 
1 • • then rose . to the end of the _s-arnplirrg perio~ .· · Total 
'· 
bacteri'.a and. l?seudom~)liads ·inc;:r~ased- ·from May 15 ·to .~w{e 
'"' ,{ ' • f I • I "' • • 
13, and "' the'n . dec~eased 'un:til -july '10.' Numbers of total. 
-:· . ,. . . 
ba_oteJ:ia and pseudomonaCls rose and fell sliglltly ' on 
~ .. . . . . . 
July 2.4 and August 10, respect:i vel~ • . 
, .. 
Bottom phyt6p_lanktqn ·n~ers decreased slowl!'{ from · 
. ., ' . , . .. ' ·. . .· . ' 
S~ptember .. to Octooer 24, _then ~:f·t~r · - som~ ~mall flu·ctuatio11s, · 
• • .' ~ , • ' ~-J .. 
;increased until May 15, when. 'the· m~ximUm was . reached. " At I 
•. 1 . . ' ,. 
the same time -bacteria and ... pseudomonad .numbers .appeared. 
, • o '; I I ' o I ... ' r . I o , ' • '' • ' o ; o. fll. 
to 'be d e creas,ing, a -lthough. the re' w~s . conside~able 
I . . I ,t • •: • • ... 
~ • r • II • 
flu-ct4ation: Mini}Ua . of both .tot.al hacteri~ and ~phyto~ 
• ". • .. t' • • • • • 
' .. 
-.. • '. . . . c ' . . • 
plankton ·occurred on I May · ls·:. Phytopl.pnkt.on numbers dropped 
. . ' . . . . \ . . .. 
. .. . o'ff 'tQ b'un~ ~i3. ;_ . tl:l'e~ rq~e · a.lm~~·t 1;o_.~t_pe. May,- 15-. maXimum on 
'" - • ' . ; ' . . ':' ll · •. . ,, 
· I .... June' · 27 ·, b~-fore ·droppi~g ~£~ . dra~t:ically · at· t}ie. ·end: .?f . th~ 
• o ' ' ., • ' ' ' ~ • I ' ' ' ' • • : • .",' • "' q-1 o .,• • '• .. , 
., 
' -
; · . sampli nlg· -peri6d • . ·Bap~eria· and:~ p'seudom,o~ad~ i~·c.reasea· · in 
• •, • • f , • • ' ·~ .. - .. •Jt, •• •• ' •• • • ~ • • t • • \ 4 : ~ ·. 
numbers f rom May 15 .to .June 27 ,. -: then- decrects.e(l ·a nd ~incteased 
• dofl;f . :_ ~": . ·, , • " • • • • : ~ • - • • ~ ··. " • _. ·. . • • ' -~· I : 
. ·, i ' ' .·.:.· 
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While the relationship between •phytoplanktor: l'_lUmbers, 
total bacterial nUJpbers. and pseudOJTlOnad . . nurnb~rs . at E!ach of 
the . deptns· sampled is not- completely clear, it is evident 
.. ·' 
that· the . phyt'oplankton maximum observed at each depth on 
. . . . ' ·.. . . 
. 
May 15 is associated with the lowest numbers of both tptal 
. ' 
b.acteria ' and ·· p~eudornonads found during -the sampling ,Period. 
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DISCUSSION" 
· .. 
·' CULTURE METHODS . ··. 
.'Throughou-t: this study, the cu,lture ·plate.. (·spread 
. . 
. t 
plate) · method was \lSe¢1 for quantitatiye baoterial 
. determinp.tions. 'The chief criticism of thl.s. method is: 
th~t i 't res'uits in'· an underesti.mation of the' numbers of 
.. . . • .. 
bacteria present . in th-e .samples studied • .. II) spite of 
•.. . ' I 
~his; how~ver; the .c~lture p~ate method was,ch~en as the 
._ ' l • • L • • 
mos.t . ap~rc;>priate . en~eration technique for th~ purpo.ses 
of this stu?Y· 
It: had ·?·riginally been · planned· to compare numbers of 
. . I 
~acteria per unit volume of. sea water with 'those per unit 
. - . .. . . . . 
r 
volume of · plankton' tow ·an(}··it was decided that both types 
of samples shou1d be processed in the" same way, • . The 
• • • 4 ~ • • , • 
-. 
membrane fii;ter tecJ:tnique, ~hich might · have · provided:· 
··higher bac'teria1. counts in .the ca.se of the sea· water . 
~ . . · . . 
· s·~ples, had to be ·rejected because ·of the difficulties 
I 
.. irivo~ved in ·attempting ' to filter · the plankton s.amples. 
. . I 
I . 
~ Flragments .o.f' plarik~on ·o~ganisms. would occlude the f;i1;te~~-
• ' • •' ID ' • ' , ,'io 
Becau~, ba9j::et:ia are thought t.o .occur:•attach~d t~ the · 
plankton/tile resulting bacteri.'al colonies ·waulj:i ;b.e ,. 
t ., ~ .. • 
I I ' • ' • • ' ' • _' ' • :. • ' o o o 
.clumped · together : ~n· or nea~ ~ the plan~tbn· · p~fti~1e~· r~ther· 
i • • . 1 "' ' 4 ~ , I , ' · 
~ ft' . ...,J • , I • 
. ,.4 . 
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.· 
than spz::eaq over the en tit~ . filt7r suff~·ce. Re_pfi~·a'tion .' 
onto cetrirnide aga~r plates would· ha~£. been 'niore difficu~t 
from a 'filter than from a. plate be~ause ._~olonies:·~re ~e·~ 
detached from the· filter surface. Also, ·because 
. . . 
easi.ly 
of .the ~~aller surface a\ea of ·the ·47~~ · di.am~£er· fii~e·r . . 
• 4 • ~ • • "' . • • 
compared to that of a · stahd.ard ·100-nun .Qiameter: culture . 
plate, colonies would' ha~e been;· srnal:ler and. closer . 
-
t.ogether, making . bpth replication and i~olation more 
difficult·. 
. . . 
. The results' ·_qbtained in this study h~ve been 
expre-ssed in terms ·of bacteria or. pseudo~onads pe_r u: ter, 
.. 
. . 
but, of c.ourse, the plate count method. determines, n9t 
. . 
total nu~ers of organisms per unit vol'unie , but numbers 
. . . 
of· c'o~ony--genera.ting or colony-_forrning urii ts. These. . 
are referre~ to as C.G.U..''s or C.F.U •. 's by Lewin (197.4) 
and Wiebe \ and Hendricks ().,~7 .4), respectiv~ly. The choice 
' / · . 
of · ~errninol~gy reminds • one of two thi~gs.. First,· hot ail 
. . . \ 
. . . ,. , 
bacteria 'present in the sample are •. able to produce .' 
. . . 
·colonies under the p~rti.-cular cultural . . conditi~ns us.ed. 
. . . . 
second, ·not every · colony produced ·is the · result of' the 
. . I 
multiplication of just .one bacterial 'cell ·. A c.G.U. or 
' ·~· ' ' • 4 ,' 
•• • .., . I 
c.F~_u~ may, ·therefore, b~· either a si~g-le ·ce'll · or .an.·. 
aggregate of two to many ·cells. . One of' the ··reason·s·. for 
• .' 1 I • I \ 0 
grind:.l.ng··uR the p1ankton· .s'amp~es was to .b~eak: up such . 
~ ' ' ' , : • ' j • ,- · • ' ' ~ ' : • \ • 1 ' o ~ •: o I 
aggregates, · Thus; ' M.c;>_~k9vits . (1951) 'found i.n_ , ~en.- .Qiit of 
' . . . ... ' ~ . . ' . . 
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. 'eleven samples studi-ed, gJ;in~i'ng- l.hcr~ase_d; by_ factors ·,of 
~ from ·plankton sampi~s· .•. ·' ·' . . . · : 
.... . 
The accu.ra~ of ~.via~ie -b~~ter~~- . olf.· C •. G • .u ·• .co~nbl in· ·. ·: 
the :-.~stimati~n 0~ a~-t;.~al ba(;:te~ia1 pop~lation~ ):r_o~· :. ·. 
. • . • . • ' ·. . , . ' . 0.. . . ' ~ ~ ; . . . . - · ' . . . • ~. . . . ~ . : • 
· : . aqu~ti~ .~nvi~onmimts - ~.s que.st~on_~P.l~. ~- ~o~~~t(:~S~? .. ·, _- · 
•. . 
. . . . - .. . . . . ·. : 
. suggested ·.tl;lat t:he Qiscr~pan.cy .. bet~e~n. direct' microscppic 
_ • . , , _ . _ . • · -.. . . .•. · • : ., \ ; : · . r ,. . . · .... . . · . -: . .' . 
11 
. _(total ·l:;>act~ri.a). cOl.int-s. Jlind ' plate (C.·G. U.) .c'ounts .i_s ·· -' . · ·' . 
· d~-~re~~e~ - ps~ ·the . ~~~·r. ~f :- b~cte~ia ·p~~sedt . . in; hne .sprn~1i~ 
. . .. . ·." i ' 
is 'decreased·. Thus~ · ·bhe di·f~~rei)ce ip .- likely · tp J?e .. m~ch 
··1es~· ±~ ·:o~e~ :_ ~ce·an~ty:p~ -~nv~~n~~nt~, . -w~~-~~- . ~-e . ~~~~-s ·.. · · 
• • • • • 0 " • • • •• • .. ~ . - • c 
·~f· ·l)~cteria p~r -~it vo;L~~- -'at~ . ·~bw·,: .th~ .'~.n. ·e·sb~arine: ·· .. 
. . .. - .. . . . . - ' . . 
, . . Or .·~haiiow · COas~al·. el)Viro~me~t~ ·, . . Wl)ere .'::~he. ~~e'rs., a·r~· .. ·' .. ,:·· ·,· .
. .. . .. ·... ·. ~ . . . . . :' . :- . . : . •. ~ . . '. ', .• . .· : . . .-· .· .. . · ·. 
,. 
: . 
-' 
lii.ghel::~ ·· In fact, Wood (-1953)·· stated:' that ·in the. f-ormer · - .. ·., 
. .·. " · . . ' .. ··: .. .. . . , · 
si tuatiori·, plate · counts ·ml.ght be :ass~~ci.- :to ' b,e ·.:.-of· :t~~ ~same~ . . · 
, \. :1 • • : . . • . . , : .. . • . . • . . ·.- .. I: ; . . • I 
.order as ~otal bacter;i:a. . He was doubtful, however, : ·,. · :· ·.; 
'. ~heth~r ' this app~~ed ~tb . s.ampl,e~ fr~~ ~l~~~~~~n·.· ·;,·~wari.~ .~. ~-·· .. . 
. . . be~·aus·e. ~~e- a~sorp~ion. :~~ .'~~s~~~~~:.q-~wppi~; :6£.· _  ·:_·._ .. :· "_._. ·:·. · . : · ... 
. . .  . . : · . .. \.. . . >. ' b-a~teria · on · th~ ·plankton se:r.ved ·to ~~-~esti~~~ pi.~~~ ::" ... · · 
. ' . . ' ' . ... . . 
co\mts. _Howeve:r::~. as _  · tpe _ b_acte~~a-1 ·c·lun!p~ a,re~brok~~ up . ; .. · ... 
• • ' , - r • • ' • \ , • • • , • • • ' .~ • 1 ' ; • • , , 
by: griild'ing, c • .'G .• p. cqunts pf ~he· p+ank.i.on ~amples should,- · . 
• I I I o o ' I • 0 o o • ~ , 'o I t , , t' 'It ' / 
'ac::cordli)~ ' to_ ilia: stat.~menfos ', ~r~vj,.~e '-a . rl;>~~h·. -~;tim~t~. of .. 
' I t 0 
0 
o ' • I t ' • 0 0 
0 0 
: 
0 0 
' ' • • I ~ ' 
total bacteria co\lnts "in ··those · sliu~ti-6ris where. n~er~ .-: · · . \ _:. .. ('t."'~ · ·· ..- . .-·.·· . ' .: ; ~· .· . .. ·· .. ·.. 
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.Other worke~s /·such. as Cbol.od~y . {l-!129), Wilsol'). . and -
. .. 
· -~u;tlman ( ~9 ~~)~· B~r~ ( i9 33.)., . ZbBeil· {i946f.; .Oppenhei~er. : 
. (~·952) , 11 ~arl_:~cci ~n~: i>~arn~~ - (l~s/)~~ c~;lins ·- ~Ad-.-I<ipiin·~ . 
. ~ ~ . . . . . . . ' . . . .. . . . . 
_(:1957) 1, _ .:h~n~s_ch_ · fl;95S)' ~-ild Se~.i ( 1971)_, · h~~e - -~e-ez{ more· 
• , • • • I -c~itical 'of ·:the :piate· c~~n·t · iite~hod _tha~ .wo~Q .. (19SJ)" eve~ 
.· · . whf;!ri ~n·l.y r~lati v~l~ ~ small . ba~-~er ~a-~ p9ptil~-~f~~~. ~re .. . 
, ' .' , • , • • ' 1 ' • • • I • , • • ' 0 •: • , , \ ~ • '7'-- • • ' : 
involve4.· : Kriss, M.ishristiria, Mitskevi_ch, and zerntsova. ·· 
.· .'. 4· (1:~ 6.~ ~: - ~·ave·· i,ndica~~d ·. that:> a~lde. from · the ··1imi.~a~i(?.~s .· ·:~ · 
' . ; . 
.. 
. ' ., 
.. Qf 1;hi.s ·method. ali:-e:ady ·mEmtiGned i .plate ~cou.nts ···can ce . . : 
. . . , - . I . . . . . ,. . . , a . • • . • •• • 
, .· 
- fl1rther cieattly_ distorte~d ~ ·e·spec~ally . bn_ sma·ll ·a:_rea.s of . ·. . 
- .. . . . . . ':'\ . 
~ .'s~lid -~-~dium·~ beqau~~ ~f: a~ta'go~ism. · .. · .. _Ali :tll~s-e:~ facto~s .:.- ·. ·, 
•• 0 
take·no together"e~su~~- that -the nutiiber· of colohres' redov~red 
' •• : ~ ~ .. • • • •• • : .. • • ' " " • , . • • ~ • • «' (. 
, 1 c • • , . \ q, • • ' t • • ~ ~ 
. ': ·, ... . : on - t~e . pla.tes wi:l-1 ·bta lower ·than the ·. number· of·· l;>act~ria : .. . 
·,., 
0 
.. ·~ • ... _. " ~ · o " :. 0 • 0 ' • 0 ' 0 
0 
,• 
0
o I ./, t..L 
0 
0 .... ~ 0 0 t : • ! 0 • 0 : 
· ·present. in· ~e s ,am,P.le • .- j:.Jannasch and . Jones -(1~.59) .. : stated_. · ·· ·. 
... 
. <• 
• r • l , 
. - .. 
.. 
' ~ ,. , . • ·, . I ' . f • 
;;·:· . : :: ': -~- .... ~ .. - . . ... · tha.t. ~~. few ~ as . i/3. tq.- 1/'lo ,·ooo ot' .'th~ :cells px;-esimt ;= -~s· .. . '. c' ; 
, f:: •'• if 0 1 0 0 ' ""' o' 0 ' 0' I I • , ~ • ' ~ 
·:.b :>-.. ·· . . · . .. ,_ . . s_eeh .by ::~ir~dt -~c~os~opic~ cou~t! - s~w· ~p on ·. ~~-· c~it;ur:~.· :;_ 
~:--~~ :; ·t . . . ·, ; . .. . . 
Oo' ' 00 •, ':\ '0. 
0 
, .. 
0 
• ' I • 
0 
I • • ' • ' ,• •• • I • t • 1 ·, 
1 
I 
.;::. · · · · .:-· ., · . pl~tes anc;~ ·. ·other ·est1ma:ttes · o£ the ,fract1on·.a_ppearin.9 ·h~ve · .· 
'f"{· .. . : ' . . . . .. . . . . . . . •. . . ;·- . . . . 0 ~ . . / . . • • • " •• • - • , • . .. • . •• 
,\ . ' . ~e~n ·.·as. few ·as ·· .1/1 1.000. (.WaJCsman, :·1934) ; and· from 1/200 to :;~ • , • • •• : ~ -~ . .. • 1 ' ,<1 :.• '· , ~' : . , I· ... ' • • , • ~ . : • •. , • f ' • • , : • • • '" Q t~ • • 
" . · . · ·~/!)00 :· (B.~tke~itc;::h, 19·3_8) ; Despd.t;e the fact that sopte --of.: · :, 
• • . ..... • • : ' ' . • .. 0 # • • ' • • • • • • ••• • 
.. . · ~ · - · :·. (., · ... . ·,. th~.~:c~lls :~~c.~~·~·ei;l ::·by ~ire'dt' q9u.nt-are d~ad); :-~~·. is :apparent~ .·- ... . ; 
· ·: ·. · · .. . ... . : · · . ·· aci~~rdlng:lo the'se . ~~·~i~at~~ /.th.af·· ~e rikib~~-- ~:f· ~-~olq~ies· ·_·. ::.(;· ' 
.-
:• 
" ' 
' ', ', '• .J ' .: , ' ' ' ' • '" ,' '• . • • # ' : • ',. , I 'I' • :• ' I • o • , \.' • • 
~,.. . . . . .. ~ecoyet:~~ :may · ~~ar .  '}.o. __ ~el'cit~~nship · t~ ~~ ~~e":(·o~ .. - li~;ingo· ·; · •'. . •, 
• ~ ' • ~ : ~ • • : ,· ' ' "• l • • '' ' • · ~ . •• • ' I : . o ' ' ·, • '•' .. •• • ' ,'-', • • . .. , 
'· .·., . . ·/ >.b)lC~~-~ia. in '.th~_·;~ample< ·: ,· .. ··:. . .. -: ... ; ~ - ·• · ·:· , · .. . · . . .. · .. 
.. ' . : ~ . .· ... ~ ,'.i·:.<' .. ':'-7- .·. i~:> .:·: · .• . ·< .. :·. ,,; ·~· . :·.·<; :· ·.- ;.: : . . •' : ~-.. < . ... ·., . ~-, ,_· .. <_·/ - ~_:.· · _: . 
. . : ·. -. · -;·.· ·" : ·. ·'·- /No.s_ewo~thy · an~.' ~i:nikoyi~s (1974-):'t~st~d. .-~. ·al?,~l'ity• . J:". ·. ·· . '. 
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¢1~miqating nori-pseudornonads, and .found 0.03% cetrimide 
• I ' • ' ·• 
,to b'e' the lJl~St effective • . H~weve;r,· j?t · Wa.s also . found that, 
t. .. • ·' 
• :\ • • • • • • • • ,J 
in oraer to ·eliminate all~non-pseudornbnads,those Group III '. .. ' . . 
and rv;pseudornonads tested were also completely 'inhibited. ·· 
. ... . ~ . . . ' . . . . ' . . . ·. 
Therefo-re,··. cetrimi'de ~as pr-imarily.·. a selective ag~nt ·~fo~ · 
. ~ . .. . : . " .. ..· .· 
. .. . .. 
·. pseud'oll'onads of . Group'S, I ana. II. 
,., ' . , .. 
. . , . 
The r .es.ults. of the present study' -indicat'e that · there • 
" ·· ·~are non-=-ps'eu'dontonads and pseudomonaP,s. of Group IV which ·. 
are ·cap~ble 9f growth ~ on 0.. 0 3% c~trirnide. "'cTh~ · di-ffe~e{l.~~ ·~. 
. . 
. . 
in ··the result;.s i~ probably~· due to the fact "that, whereaS: .. 
258.0 i~:olates were · examined in ~9e present· study, ~a . . 
. . . 
considerably_ s~al·ler number of . cultures, which·. did I).ot 
' include cetrimide-resistant forio.s of · these organisms·, 
. '. 
w~!3. used- in" the. previous one. .• 
. . 
.MOTILITY ' . .· 
·' 
"' Forty-five percent·, or 11.53 of; t}:le 258'0 isolates 
. . . 
. ' . . , 
s-tudied were. de.te.rmined . to . be . non -mot Ale I ~u'ch a (tfg}:l 
• . . • ' .. •• . t ., t I 
·proportion of non-motile organisms . appear~ .unusual, &ince · · 
' J : ' ~ • \. . • • • • , ,; 4 
· . it is agreed tha't pola·r-fl~gellated ro4s comprise tl)e bUlle . 
. . . . . 
of ' th~ bacteria in sea w,ater '(Waksma'n ~ 19347 · ZeBell, 1946, 
. . ~ . . (, . ~· 
·. .. . .. ' ' . , . . 
· Leifson, · Cosenza, and ·MurchelanO. ·., · 1964.; Wood, 1967 t 
. . ' • •• • ~· • • . . . • .9. .... . . . .. · . 4. • 
~6hnson·, . Schwent . and .-Press, l9GB1. Mot-ile bacteria we.re 
. . . ,, 
f .ound 'to Q~rnprise 7s% · a~d 79% 0~ .the. tQt·al bacte~~a i:n · . 
~ . . . ' . . \ -
- . . . . ·•. . . . . 
Narragan~e·_tt . Bay 1 RPod~ Island . an~ · in th~ .. ne~;I'by Atlantic.· 
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o·~ean ·; res~e~ct'lvely. !n Noank · Harbour, Rhode Island, where· 
there was m~re · t:errigenous ·~contami~atiqn; :n{r 39% ... o-f . the 
\ .. . . " '~ . .. 
·bacteria were ~~til'e tLedfs.on, ~ ~L, 1964). Pfister 
· ' and Burk~olde.r (19G5) ·~tudyi~g . 114 ·M .tarctic and 37 -
.. 
~ J •• 
Puer.to Rican isolates, found ,that 66 .'2~ were gram-negative, . 
... . 
il\,otil~ cact.eria with a .. sing~e .. flagellum. Kriss1. et a!. 
(1967~ reported that the bulk of · · the ·rthousand~· .o.f micro-
organisms they obtained from variops .geographical zones ' 
' I , 
' of th~ A.tlantic, In,dian I and· Pacifi.c Ocea~s I oye:;- a' 7-
"· . • , • . ·. . . . . I . . .' 
year period, cons~~tec;L of non-spori~q; gram-negative, 
. . . . .. •. 
motile rod.~. ·, •:· . 
• \ I I 
v "-' .un~e~s ~h~ high .·proportion ' o:f, non-moti~e organisms 
. ' ' 
' ' , . ' 
.among the current isolates ·~-~ to be reg.arded as unique;· 
~ . 
I •t~ ' ther~ are' tw~ possib:te explanations ·for the si tl.iati.'on!"· ·_ 
. - . . . . . 
' ' ' I ' 
. ·'' 
\.' -F:"irst., ·. it ~ybe that tnany of these isolates were mot.j.le in 
. . ~ . ' . ' '' . ' ' . :.- ' ,. . . . . ' . . 
. . .. 
: ·.· 
th~ natural envi~onrnent bu~., because of th'e ··na-ture of the 
'. I , • • • 
.-tes.t.l:-ng- procedu]:e,. appear.~d non-motile . .. Sepond·, it may 
. . . .• 
• 
· be possible thai; a high· percentag~ Qf ·non-motile organisms. 
• > 
' ' 
... . . ' . ' . 
is .not,ae ._rare as the first b-rief look a:.t the :u.t~rB;'t~re 
makes . .:!-t appear. 
"· • I; ·• 
• 'o • ' 
.- '· ... · ., ' : ' .. ... ' . . . . . ·· ' '• ' . : .·. . . .. 
The .high propo_~t:lon ~~ ..no~-:mo~ile i~ola~~s, . coupled '· .. . ~ · 
·with . ~.~e. :~~:6t : th.at_ mos,t ·_:of · .~_ein ·;w~re!. .·. ~~co~~i.n.cJ: :to. ~h,e~r 
• • ~ • , , • • - • • - • • • • .; • • • • : - ~ • ' . • • • • • • ' • • •• <> ' 
_ bi~che,mic~r ohara:Cteris~ics, memb~r~ .. ?:£ the .. Irioti~e" ')' 
. ~erie~-~~ ·. ;·~-eu<lom~~as., . .-:vlhrio,. ~and ~e:r::om~,n~~ , .. i~ads .. one' ' to -
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ques~ion the reliability~of the motil~ty testing pro~edure. 
' I ' • i o ' • ,. 
~he "method· a~d rnedi·um us.ed wer.e standil,rd .ones ~hi~h, with • 
Q ~ 
over one-ha-lf the · isolates ' · ga'!e re:t,iaple fe!;lU+ts .. ~n that 
I • 0 I oil\ 
. the cultures · determined 'to be·· motile spewed· fi~g~rla upon 
o.. . •. . .. . . ") . . . . . . -\ . 
. s~sequent staining._ How~ver, th~ cultu~es · had not ·been 
. . . . . ' , · . . 
.. 
. . . 
tested for motil'i ty i\Uffied;iately ·after isolati~~m· bU>t; 
. ' 
· inste~d, had first been stored .for periods up to one year · 
. ; . . , . 
It iS'· :poss!Lble· 
. . . · . ~ . 
,. 
. with one sub~culture after .six months. 
' ; 
,, 
. ·.that the flagella of o.riginaily· motil~ b~~terfa were. lost 
. .. . 
·oz: became. non-functional during the long storag~ p~riod, 
. • ' ' ' ~ I • . J • 
. ~ . ' . ~ 
· The · .liter.ature of the motility .test cjiv~ ·s ~o ine1ication of 
' . . . ' . ~ 
. . . . 
. . 
': how soon ·af.tar. 'initial isolatio~ a cult~re . shoul~. be· tested· 
"for rnot;i'li ty, ~rid ' those' stu:dies which found· that motil~ 
. . . ': 
, .· 
'• bacteria were the dornipant forms (~ifson-·, et aL ., 1964: 
. .. .. ~ . ·'- --:- . 
. . . \ . ~ 
· · Pfister'.and Bul"kholder, 1965·;, -Kriss·, et al., 1967) ··t'ai l:ed . 
I • -' • .. '.. · , ~·· o • ' • ' • o ' 0 ' • 
~o· sta~e- the time interval which had etasped ·between 
ij,' 
'" 
/ · 
•' 1 ' • • 
. ~~·; 
··~ . 
· I 
., 
'• I 
.· 
i~o~~~iop ~nd.~ot~l;ty ~~s~ing. ' 0 
.. 
, 
.. 
cultures 'i!l~tile .. in the Il\arine· envi~onm~n.t may have 
• ... _..... --... ._, 1 , , If ' -, , ; .. 
pec«:?me~ ~on-~otiie 'by s_pon~a::iieous ge:netic·,.mutat;on ; _ but aside. · 
~ . 
from"_this, loss ·_of -ilc;~.gella·· can ··also arise in .. a pur·el:y ·· 
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· Accora:j.._ng to I.ngra~ ·and 'shewan .( 196:0) , <?vershadowing this· 
'- . . .. ,: -;c. 
.· a_re· the "difficul~ies. ·o·f .deti11ing ev~n genera( ~hi cry _ . 
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. . . . . . . . . ' . . . . . -
spring from nfisgivi'ng's about the valid'i ty. of. characters 
. • • ' . - . 0 '· • . . ~ 
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' like flagellation. anq pigme~t~tion; . long_ thought to be. 
~ • • • • • ' • • ' • • J : • • ·" tl • 
· .stable· .and fundamental" t · T~ey suggested 'tha~, iri r.egard~ 
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. to Pseudomonas ano "other. marine genera.',· "it may be -. . . 
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te·chniquesA• .of : Sne~th ·'s (1957)· numerica.:r t~xonol'(ly. 
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Several ~tudies il)V01 ving numerical taxonomy have ·. ' . . 
• • • • • • - • • • . • #' : t .• 
.' be~n perf~~ed on ma~in~ bacteria .or .on -~tr~~n.~ .of. those : . :· 
gene·ra tQ·. 'whi.ch ··the isolate~ ·~xamined. in .. t;.he '.present study 
" . . .. ' ·. .. ,. ; 
have been as~ig11ed~· Liston' (1960) ·' in a · study· of 
Pseuaomonas and reia:ted gen~ra; found . that witl:lin the.- · 
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pSeUdOmOnadS 1 ther~ WaS a large : gr_q~p· {r~l:ated tO p o ·• ' , · ' 
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· aerm;zinos·a) ·which .pro~uced a gre~n. f1uorescent:·. pigment., · 
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· _were · biopheinically · act:i·v.e and had nq·. requ~·re~ent· ·f~r 
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sea water. His r-es~l ts· ·also il1dica:ted ·.the · possibie · 
• • 0 • -- · , • 
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. ex~sl;.ence o£ tw~. other groups of · pseudomonads, o~e. ~f 
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the suqge_stion 
. ·Pseudomonas· be 
·~ ' 
of !Ulodes < 19~~, · J,,'96l) :·.that t .ne gez:t~s -: 
;reduce,d. ·to 3 .. cl~sely · r·ela~~d- spec.~es. ~ -
"' . . ' . . ' 
' .. 
· s i -rnilar·i ~i.es e~isted · among '·tl:le strai~s · oi Pseudmrionas 
- .. . . 
However, _ Lyse-~ko ·( 1961) ,· -wh:ile agreeing that many 
.. .. . .. . · 
.. . 
·he stud:ted, felt . that Rhodes' ·definition of genus 'was \.· 
. . ·~ 
~ ' • • ' ~ 0 • • • • ... .... 
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too ·narr·ow and that ~~ definft.i.cm --of . spec.l:~s was ~oo : _, 
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· broad :in scope. He found. two di-s~i.nc.t groups . - · one con,-
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..{>. :~ · .. · 
tain.iJil9' bot~· p·. aeruginbsa and -P ·. fluor..escen~ along : with 
·· some/ closely felated ~pec:ies', :and the 6t.her· 9ontairiing· 
' 11· qifferent species.~ ' . ' . ·. 
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The results of Lis·ton (196_0)' an~ Goodfello~ {19~7) 
' . . . ' . . .. ' .. .. .. 
· indi~ated tnat ·the · genus Aeromonas was "clo~ely related 
. . ' . . . . . . . . . ' " . . ~. 
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to the Ente.t:oba.~teriac~a~. · ·They ·may ha.ve -been parti-ally 
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. re~pdnsib~e ' ~or.- 'the .. 'movement of this gen~s fr:om ~ t~~· .. 
'E'amily Pse~domoriadaceae ·'(Bergey'~ · Manu-a). · of · ... 
• ::> .... ~ • • • • • ' • • • .. ' 
· ·Dete·rmina~r~e .. Bacte.riology ,.' 19s·h to th~· : Family Vibrio~aoeae . 
• • • • • ' '. • • • ' • • 0 . • 1- . . . . . . ' 
· (B~rgey .' ~ _Manual pet_e~native a.i_cte~_~ology 4 .;t-9 .~4) ~ 
-. . : . . ·. . . ~· . ·. 
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• ' •' • • ' • ' , I • • ' • ( • '• • ,· • • ·~' • o ~ ' 
been respons-ible _.for· . th~ aboli t 'ion· of the genus: Achr~jno~· 
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. ,· .. o,l. g~·cun-nega,tiv~ marine _rods·, : ,cis st·rains ~~signed· t«?,· -t;:his 
• ' • ' • • I ' , 4 I ~ 
. . genus~have been foul)d . which ar'e .c.losely: .related to aiinos't 
·• • • • . .. • , •. ' '. • • • . . · . 'II 
all the . other mar;i.ne··gener_a:.V ·Pseudomonas, _Spirill'urn,_. 
P~ot~bacte r i l1!ll, • N ~"ob,; riter i;,., j ~i';j ali~6n es , l {'e.rOmo~ ~s , 
(Hugh :and !.Leibel!). 1953; Liston, :·196'0 f Colwell and .Liston; 
. ·. ' . .. 
::.. __ l96l.; co~well -and Mande{; l~64·~-· Johns~n ,~ . ~atar1ik_i .. a~d- . 
·' Weis~.ock, : . ..1968.) · • . . This: is ' not. at . a.l-1 surp;isin.g si~ce·: .t,ht~ : 
. • . ·, .. a 
genus- has t_ra~itionall,y,_~been def~_ned on - ~he basis of cell' 
\ . . .. 
· rno~phology 'and £1-age·l:la:t.i.oni · both of. which· are very 
• ~ ' • 0 · ' •• ~ . • • (" • • • • • • • , · , • Co ' • 
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rnuta,bl~· · cha-racterist.f<?s ;: ·. ~-
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. . The 'resulta · ·o£ a study of ·200 marif)e strains by ::. 
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.-··· ·Johnson, I<atarski; and Weisrock .. ( 1968)'·, using nunierica:l' 
. . , . .., . . '··~. . . ... . . ' \ . ~ 
. taxonorny',sugge_sted_ :that · a cqritintiuni ·of_ ma:rlri.e bacteria 
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· wl th ·. ~11. ·possib~le i~ter-gen~ric. ··~tE'ains' _:~xisted .' · ·Th:.f:s ·· · · · 
1 ' , • ... • • • ' ' ' '> o I ' ' o ' : ; o ' I " ' • • ' ' ~ 
· was attributed, . not only to ·the f .a·ct that the· ·organisms·: · . , 
' I () ' :•' ' !o • • ) o ' • ' • o • ,' o ' • • ' • ' ' ' 0 ~ ~ • I ' ~ • 
teste'a · w-ere .. mempeX:s ~f· .. th·e l.a:t:qest group of . bacteria ; ··. ,. : 
" • • • ' :· .. • ,_! . : • : ,., • .' • • 
. . . " ·.. ' . . ' . . ~ . . 
(graiq;..negative rods) indig~nous t ,o >the . acknowle-dged· ~it'e 
-~f o~f~1~: ~f ~11 ·iife (~~e ~e·a~l ~- . b~t ~ls~. t~ ·· ~he· £a·~t ~ . 
~ . . • : ~ • ' f 
~hat -the generic criteria used weJ:e> designe,d'· to :identify 
• •.• • • • , . I• ·• • , , • 
_. 
0 r ' .. ,' ' • • ' , ' • • , , 1 I' ' 
evol v.ed and es~ablished land . and. pat_hpgen.i"c . orga~isl,IJ;:; ...... · . 
t _ .\ • ,. : , . · . I~· • .. ~' ". • ·: ' : • , ~ ' ,l,J ' : ' . 
The . ul)sui t.qbil~ t:Y . . o'f ' the tests .usec;i-'"to .iden,ti!'fy-:-:m'ilrine · · -.. 
' • \ •' · ·. • ' • • ·D··,, r . ; ... . _.,: . • • ' ' . ·· ' . ' ... ' -: , ·, • .' ,' 1 ·' ' 
· isola:tes had :prev_iqusly been ~ent~oned by · Liston ·· (1960:), 
. . ' . , . w· 
- . . wlio~p(?lnte·~ . o~t ~~e · anihig~QUS · · po~.i:t;ioh of tJlOse marine 
L' t . ' .'· .. ·. , ... · . I.' ' •• I - ~~· · .· ' . ... .. . , . · ·~ ·'· 
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Xhes·e f.ail~4 .to cl:uster .with any ·.-other groups .~~ his 
.. ' ~ 
' 
' ' . 
'analys~~ ~n.d .t~os~ - o~ other .. workers.: (Beers ~ -~isper,. · 
• . l . 
Meg.ra" .and ·tockhart ,,. 1962 ~- Focht. and. Lo~khart~ · ·. l965; 
•' .... ,' I' o ' I ' •' 
· · Pinter ·and . B~nde, 1.967) : Liston (1960) recomme-nded that~ 
. . .. . ,• "· . 
. ··'t in Orde~· to·'':c.reate• a~ qrderly: SyStem of. .·c.laSSd.ffcati'on 1 ~ ·' 
. , , • .~,· • • • • .. : \ • l • • ,J "' • • • • • • • • 
new .tests to which marine ga'n.er~ 'could .. give p'os.itive : · ·· . 
. re'sults ~!>ro)?abiy .ba:sed _on -~ut~iti~- ·re.quirernent~·~ ' be 
_. · . deve~oped·~ . ·D~A·· base . a~aiysi·a · ~igli~ --~e -. o-~ conside.ra}lie . '; :\-.· :~ 
. : . ~ . . ·. '.. .. . . ·. . .. ~ . ' .' . .. ·. . ' . . .. 
: i~portance he!e, •.fo:r; lligh _ degr~~s · o~ s_iin~larity ·betwe'en · · · 
' I , • 
this charactE~ristic a~c( th,e . restiJ, ts ,of numerical:' an~ly.s_is 
:·have .been fuund- -(Colwell.· and Mandel; 1964; . c~i..:iell, · et . ai.. '· 
• •• ' ' • 4 : •• • : • ----
. . 
19.65; _ Ley, · 196.8, 1969) .-.Baurn-ann,· ·et· ·a-1:. -, : 1972)·. 
•' . . . . --. 
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' . . . ·. . . . . . ';\ . .· · .. The - quantit~t-ive bacterial· data ·obtained in thi~ 
. . ' . . ,_ 
. . I . . ' . . ', . ~ 
·~·- . s'tudy :from 'p.lank_ton tow samp;tes show,. that·, ·oyer . the_ :one_-· .· 
. ;~~r p~·ri.Od StUdied' an~ • fO~ ci-11 'depth'~ . San\P.l~~ 1 'the -~~iir 
. . -':. . . . ' . . .. . . ·. . ~ . . . ~ . . ' ' ' . : . ( 
Qf ·b.acteri~ per ' liter of plarik~on 'tow ranged from 10 to . 
. . . . - - .. , :· . . . . . I . . . , .- . . . . 
... · ·· A,J29 --(0.0l _to . 4.33.·per m~_). -· j : 
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·A n.'urnber of worke.rs. hav:e attempted-- to·· relate ·.the -
0 , .- I 
0 0 
• , 
0 i .. 
..... , .. 
I • • • I 
. .. 
I • 
... 
t ~-
.::·~j~ 
· .. t~ 
. : '~ .. 
: r ... 
,, 
· . .l 
' :;( 
I r ' ~ 
.·. t 
.. • • a ' 
I 
. ., 
,. 
() :f· 
'lo 
.\ 
... , 
:'' 
j 
.\Y . 
·. :: : nuxitbers of. bact~ria -~·re··~en~ . i~ · a -- ~l·~kton . tow· to··. th~ ··,~ 
. . . . .. . . .. ' . 
I • • / • 
,. 
' ·.f. 
.. .,._ .. 
0 
, ; I 
' . 
. • . 
I • 
. ~·. 
... 
. -
; ' 1 I 
·\n~ers' · ~f .free · ba~te·~i~ . fo~nd ~- i~ -- ~lle: ·~-~:~-- ~ ~t~r .. .'.~~::~~~~h 
:· 't he ; t ow w~s - inaci~! · viak·~~ari 1 ··Reu.szer /·carey, ·~- li'otphk~s~ ,· -
. , ' ' • • ,' ' • ; • t ' . ', ;,' , . , • ' I ·,l . , .. ' , · . ~· ·,. : '• . . . . · •  · · '.' , • .. :
and ·.Renn (1933) found ·that from. soo · to 2,210 tim~ ·more. '·.· 
' . I . , . . ' ·. . :-I . .,-'. " ' • • . ·. • I: • . . ~ 
~ ' • · ~ 0 \ ', • • \ '' .; ,· ' ' I' · 
·•. 
. ( 
. . 
.. .·· 
: . . 
. ; 
"·'· . . ( 
. . 
' t' • . . : · . 
, . ' ~ 
. .. 
. ' 
. . 
: ., . 
. . 
' -·~. 
; ... . 
. '·~ : . . .. 
,• • I ~ ' • ' "' - ~ ' 
,. 
, . . . ,: 
. '' .; 
. 
r, t , 
< ' .: 
• t ;.' • • • •· 
.. .... .. . ,·· ., ... , , ' 
l • . ... 
~. · .. : · .. . 
~· i ~~~ . ·. 
. . 
. . 
, .. 
' ~ • • • • • . • ~ • u 
., .. ' . . . 
. . ~ :: ·.' :~ : ~.~·· ; ·' ,! ~ . ~ . .. :· ' 
_::· : ·:.; ' 
,· . 
t. 
'· 
'. I. 
-· 
'. · 
( ' 
·: 
. ,. 
. . . . 
. . . . · 
y 
'. )'· . .. · . . 
. . 
" . 0 . 
. . -" 
.. 
·' . 
. .. .. 
· . . 
·. 
. .. 
. . . 
:.-· . ;:- .. · 
. . ··. 
. , • ·. 
-. . ' - ' \ 
. ' • b 
~ · , . 
. "· . 
·\ 
~101-
. I 
- ~ · '. 
.. ~. . . ., 
,•' 
. bacte~ia· were associated with phytop1an~ton than were 
.. : found. f~ee· · in the .·sea water ~f- .the Gul·f· of Maine .. 
. . . . . 
.. . . 
- ~ '• . . Ve1ank'ar (1950 I !'955) . reporte_d·-that 't_he ·ratios of free . 
I' 
.  . 
. _ba-cteria· in ~ea watet:-to bacteria '.attached_ ~o phyto:-
,, 
._ · pl~kton ·. ra-nged from 1.:!? to 1 : 1 1 9 o o for· the ·Bay · _·of Bengal 1 
f~om 1 -:.io' ~-o 1:i_.1 JOO ·for ;th'e Gul_f ··of- -M~nna~~- ,and fro.~ ... · . ' 
• 0 I o • ~ !l; t'• ' 0 ' • I o ' ' I • j' o o I ' o ' 
1:: 3o to 1:2, 40Q. for Palk . Bay, petween ·rndia and' Ceylon·. · 
. ' ., . • I ' r : · ' , ·... ' • • ' ... ' ' ~ .• • • • •• • • • • • • • • • • ' • 
However; Moskovits · (1951), w.Orking: in Vinya·rd Sound, 
Massachusetts·, .: found- that · ther~ were only _ 0.001 -.'to o.o9·. 
. . . ' . . . . · . . '. . 
·. t.i~es as many: b·~cteria ·. ass;ciated with ' the· p1~nkt~n as ' . 
. . . . . . . ' ' . 
I) ' ' • ' o ol. ' 
·-. were .free i 'n the sea .wa-ter. Even . when · the pl.ankton were · 
1 
' I ' ' ' o • 
0 
, J • 1 
0 
'- , ' • ,' 
·ground up to disper~e.the bacterial clUmps, there were· 
. . . . . . . . -t- ' . . . . •' : 
·~tiii o~ly;._ o. QOS ·t~ Q. 2 .·times as .many ··bacteria. in th~ . 
r o I ' .. 
. . . , .-. 
planktqn as. there 
• • • • • Q ' • 
we~e _in the. sea water~ He · · ~ugg~sted 
. . . 
. ... 
(Mo~kovfts 1 ·: 1961) th~t :the .differa'nce 'be.tween . h:i;s· results· . . 
and tliqs~ · o~ -~~s~~-~ et . a:l. · (~9-~.3 ·)~ ·-~d :~~-lanka~· .. · (~9.5Q :~ -- .. . 
. . . 
l9S5) . might }?ave .. been. due · to · th~ .. f~ct· tha~·.- _ pe - u~e·d ·a 
{ . ' . . . . . . . . . . . ~ . 
... . • , 
- ~-. -· . 
.... 
.· . 
' ' . · .. quarititative · ··p-lcm~ton. sa.p1pling procedur~, _:w)ler.eas th~ 
. /). ' ' . - • . . . . 
• / • • , · t = ~ 
oth~r. workers, did n61j. •. 
• , , ' - • ' '• I •" ' ' < > ',6 ' ' 
·-The . reiationship £ohnd between fr~e . and·. a-ttached .. •: .. · 
. . ·. ' . .· . ' . -. . . oact~ri~ -i~ ' furtht!r' 'com~li·c~ted ·. by . fhe m~t~od~ bsed ·to ' :· 
' ' I ' I .. ', • ' ' r' ' ' I ' ,. ' ' ~ ' , : • •' ' : : • • '"• o , • ' • : I ' • ' · , , ' • I ·:· • ' I ' ' • ' 
. ·. enumerate the · bacteria. Taga ~d Matsuda· (19.74) f,9und ' . 
. ' : . . . . · .- .. . ·. ' ... · ·. ~ . ·. . .. . ·· .: ;_ . \ .·: . 
·that when . the plat~ count· method was used; th'e · average· .. 
~ .: .. ·. . ·, . _. . .·. .' ; 5 . . . _. ·:.: . .._.. '~-- ·,_3· . • ' . ·.· -; ' .. . . :.·. ~ - . ·> . ' . 
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. ·H~we.ver, wh!3n . . th~ numbers -were detez.:m'ined by the· direct 
. . ~iCrOS.C.OpiC" methOd 1 I the f;ee bacterial p0pU1atiOn :W~S 
. . . ( 
· fc;:mnd' to be·. larger . than 
. . . . ' 
b~cter.ia by· a · fac~or ·of ·6. s. 
the population of . attach.ed 
~ . 
' . .. 
' . 
' ' 
It is·, ·the;re.fore, impossible.· to accurately detern_line 
'the bacte;;-i'al'' population .' of sea· water fl!'orn .plat~ c"~nts 
' ' ' J • ' • • • 
However,_· regardles-s of the : 
.. 
ex~ct "~eiationship involv~d . . in 'the' prese~t study, . th~: .. _ 
~la~e c~~ts. ~~ ~~th . pl-~kton t~a~ez.:.~~l 'and seawater 
, . I 
indicate ·that the bact'eri~l populations of the · s§lrnpi~·ng 
'area were very' low. . • ,• 
; ,! : .. • 
' · ·. Fe_w 'quan;t:itative bacteriologica,l studie"9 of ·the · . . 
. 
Nortl:t Atlantic. ocean ·have .beer( m~-de. Fischer (1894) .. 
· sampled from : .southe_;rn Greenland . to the~ Carribean . Sea ·. ·. 
J . •• . • • 
' . 
. ~~d, · usiri:g . the _'Plate coun.:t .method, . fol,lnd, : ~h~t th~ . hlghest ·· 
c~unt, ,10,000 ~colo~ies ~er m~, oc~urre~ jus.t' '::to~~ ·~f the 
·· Grand Banks. 'Mlne;~i~i . (19~0) . s _ampled .the Nor·t~ - A·tl~~tio . 
. appr()Jtirn.~tely rnid-:-\iay. 'be,tween Europe . and North . America. 
• • • • ' • 1 • 
and ·fo~d that hl,_s; pla.te · ~oun~s· · ran~ed .·fr~~ ~~ to 10~· · 
. . . . . . . . .- : . . . . . . . . ' . .- \ . 
.,.Colonies per rnl. B~cause of the · nature of , ;their· .sampling 
• ~-'I I • • .. • :\ • • • • • • • ' • I ' ' . • • • • • • ' ,• " • . • • J • • 
' l. and culturing ·techniques ·, the result~ .of both of: tl:lese 
... 
• .' I 
' • 1 . • .. • - . • 
· worke~s are questic;;mable •. . FoJ; f!.lmost 60 yE;ia~.s ·-af·t.e·r·· . . 
• . • • • · . · . 1 . · • ' . • • • ' • . • • · • . · . ' ' .. 
these.~ studiesc no ' furth~r . quantitative.wor~ -'was done 
.· ~~. ::~~ld· · ~a.te~. · e~~iro~e~.~~· . ~f . ~h.~ -~·~~~~·.:A~l~ti~·-:·6·~~~ •.. 
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_his .co,ll~ague's in ~959 sam~led 'in . a 
.. . 
tr-anse~t, alorlg 30~ from the Arc;tic u.to the ' Trbpi'c o"f ' . 
.. . . \ 
C~pricqrn '· and founc:i that -90% of th'e samples taken 
·• . . I . . , 
between· ·4oe>N : ·ind 48~ had from .. ? to. ~-·._colq_n:e~ .per ml, 
while the remaining 10,% ha.s f:r;om 10. to 99 colonies per 
\ . . . 
.'. :ml. (Kriss, 1-963) • Samples. in which on.ly si.ng~e , 
. • . • . i . ...;., •. I . . ~ 
. · he-,t~rot~opbic \o~gc\inisms or none at a;t'l were found 
•.~ . . . I . . ; , . . .. 
made up 9~% of\ all ' the sami?les taken from the .. North 
I . 0 ' . • • • II .' 
I •• I <J , • • • 
~tl~nti? (Kr.is_r, . ~\ al. , 19~) • Sampling was .repe?-ted 
·· from the : Arcti~ to the Antar.ctfc in~· 196~-' and. :the ,. 
.,Jl \. • . 
results ~ere s~mi·Iar·,· for in .·approx.l:matel.y the same 
o • • I ~ 
•' ' I • • • 
area, 94; 6% of :the samples. had · from 0 to 9 colonies .. 
' I I I . • ,, 
\ . . 
arid .5.4% had from 10 ~o .99 ~Krid~, 1970). I~ · bot~ 
I ·. . . . 
• , o u '" , o I 
casesJ the figures were- based on the number. of· colonies 
. \ ' ' - ·. . . . 
I ' , (t.lr ., o • 
p~-~duced after ~0. to_. 50 ml of -se_~ wat_e_r ~h~d be~n· ·. 
· me~r·ane-fil tered. · . . . . · . . 
.. 
. ~ j . 
Kriss i_ extensive sampling in the world 6ce·ans 
I 1 ' tt , 
· ·. ha:v~ ·led him to :suggest · (KJ;"iss, 1963) that tfie'" purnbe~ 
' • ' I . • ' • ~ I ' ~ ' • ; , J 
' . ' ' ~ ' . 
o'f'' .. oacteric3. per .unit vQlume· of " se'a. wat~r · decreases with. 
• • 0 • 0 • - • ! . . . • ... ~· . . . . . . • ... . ':' • 
inc~ea~~ng · dist~nce .frof!1 · ~he Equa~or to t~~ Poles·. · ·If 
I , • • •' 
· ·:- this be ·the "c'ase, bacterial populations in. Newfourid·l~nd.' · 
• ; • • ' • • • • ' ..... .I • • • ' • • • " ... • • 
/. ~ . " . . . . · ..
waters should 'be very small, · becausEi. of ' the ·island's · 
,.• • • , ' • I • • • • ~ ' ~ • ·• • ~ I' • . .. ~ 
' 
·J 
• 
' 
.-~,..-- .. 
q 
·I 
I 
! 
I 
I 
·I 
\ 
. ~ 
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. ·. ,• - g~_ographical positiori • . How~ver., "'sieb"urth· ti9li_(; ·· ·. ·. · · · ... 
' . . • • t •" • • • • •' • . ' . ' ~ ' ., • . 4 • ,' ! • ' •·· ' • ' • II 
· .sampling 'f.;-9m th~: Pan~a ' Canal· to· Rhode Isl:and , _ ditl 
, . ' ., 0 0 , ··~ 
~qt -find a · regul~r>decre'ase -.'in bacterial concent:rations ' . . 
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with incr,easing latitude.. The 1\\ajority ,of his sa.f!lp_les · 
' . . . 
·_ ~11 had Jess-' than ·5. cSlonies per ·rnl, ·although·- th_ere were 
:. sparCldic high counts -:_ Th_ is. situation was. at-tributed - to 
, · I I 
·· "spotty" productiv.~ rat~er _than to ·_ge?graphy". ·· It is . 
. ~n~ortun?tte ~hat the sam~:li~g ~as ·~ot' ~0~~}~!-l.e'd farther 
. northwa;rd - as 'even ,; low'' counts'· a!= 5 COlO~i.,.I~S per . rni -~re · 
·~ . 
.. 
'-" .· 
... 
'• 
... , 
D U , , l 
' -~ 
I 
' / ' · · · ..... - ____ ;.: ... - :.h-ighe~"',t~~n the .counts ~btai~-ed in " tr1~ .pr~sent :study. 
,...,,.-"""'~ ~ r "'"'".'" '~ • • • • • '* •• ·': ' • c• I ' •" J # ~ ,. 
The res.ul ts of Wiebe and. Hend:ticks · ( 19 7 4) , who :sampled 
'· ,, 
' . / 
.. 
·. 
: #J. 
' . . 
·' ~ 
.. 
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along a transect in the Ant~rctic Ocean,' are also .at· · ··-
·. . . .. . . . . . 
variance _ wi'th the globa.l geographical . patte.rn of- : 
. , I , 
t t ,of 
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·, 
. . 
.. 
. · -: 
.. 
J • 
' ' ' 
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.The .vast majority . of bacteria in the sea, includ_ing ·_-
,. ;;~;,,all those cinvorved in ·the :present·· 'stud;-, : ~re heterk,~_roph'i~ \ ~ : 
.. ....--:f;-... ~ . ' - ' .... ' 
~d • . - ~ i . . ,. . • .. ·· ' 
. . .... · _and, therefol"e.v x-equire, for their growth and m'etab<Uism, 
<> ' " • .. • • • 'o ._"' ' • • . ':;'.1 .. • o • ~· I~ 
pre-formed organic ,matez:~al, ·of ·1fhich ' two types, . dissolved.· . 
.. ·' -~ 
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I • ' I) ,\\~ o • ' ' ' o • I • U o • 0 
· :. · and particulat'e,. are present' 'in .the · marine environme-nt:. 11 ' ' • • " 
' . . ' . . . 
' • 
' 
·" 
Although _s~rn~ of the dissQlved _organic portion ·enters, 
' .. . . . . . .' ' . ' \ . . . . 
_the sea. as land run--6££, most is autochthonous · · 
. . ~ • 'I " · • • . . \ •· ' • . . 
(Provas~li, . 196~), and .. consists· of the dec~y- p.ra'ducts'.o! 
• • . • .. • • • • . . ~· • . • 0 • • • • • ' . 
~ead organi~~ms I the extrace~iular substa'nce.s .produceq. PY 
algae, . an~ 'the e~cr~t.ion· · of marine. animals_. ( Rile!y and_ . 
Chester; '1971): 
. . . ·. 
Partic:~late organi~ matter is of;. three . 
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types: . liv.ingm phytoplankton i detritus, and. organic : 
. . . ' .. . . ' . . . · . .. 
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. · . . ·: :- .. .. - . . . . :;··· ... ·:. ' . _.~: · . . ·: · . . · . . . . : . :.~_ ·: .. --·-~-~-- ·.·: ~ : . ' 
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. may . explain_:· the low. hact!2ria!' nu~e:rs encountered-.' .. 
. _,. 
· : ·The c~~ce·ntration.s ·o:f. ~rganic rnatter ··in . ·the . . s.eas 
.. ... .· -·" 
. · ,-. . 
. . ~ 
varies w~th. depth . (D~ur~x:na; 1961, 1965~ Parsons and· . 
.. . ·· 
' .:s~_r:i_c~la\~.' . ~9s~· i Iio~ne, i969) ·,_· .a~d ·th~se. var~a~i?ns . ·: : . . .. · .. 
' I' • ' ' ' ' o ' ' \ 
are' refle.c~ed in th'e .differen'ces in .bact~riai n\lmbe~s . . . . 
• • = 0 . 
. . . with d~pth. ' .. ~ .. . . .. 
. . . 
· ' Accor9in:g ,to·. zo_aell : (1946)., there. i,s · generi:tll¥ . ~ - ~~ . . 
~ • I ' 
:. ·. t~gular ' increa~~ i~ the : nu~-e·r of to-lon~es' from. unit . 
. ' 
. -
. "' : 
~ . . ,, 
.. 
' 
. ,, 
volumes of sea.-· wat~r . . dowil~~rds' to_ .,d.ep~~:s of:.·4·o.'·to .. so ... m: .. ':. ;~ . \ . :; 
a'nd·. t~en'~ decr~as"~ 'unt~l ~he a~a · b~~to.rri· is'· r~-~~he<i.·. · ... _:: : ... ·:.··.' • .. ·' 
. . . . . . . ·- ·. . ' . ~ . ' - -~ ' :-~- - . . : · .. ' : . . 
· ·This ·. sta~ment wa!l based both -e·n-:his .. : resqi;·fs'·.·.;~rip-. -~n · ... ::_ .. _._; _· .-.- _. .· .. :- .: 
·thos.~ p~es·~~tea. · i:n . e~rti~; . stud~~s · ·(s~h~idt : ..: ~ .~i~_;~~:~:~ ·~,::: ·: . 
. . ;.. ~ - ·- _. . .. : .... . ' ~ . . . · . . ~ .. - -~ ..... . _,: ·_ . \· .. , ....... - ·~- ·. .. 
1901; . Otto and Neumann, 190-4; . Bertel .; -:.·19~2; . Foyn and · ·. · · -
• • t' • • • ~ • • _._ • 
• , .1 
1 • .'· • 
·: . .'\ 
.-! 
.· 
.. · . ~~an, .. . 192·a). : H~~e~e'r; . th~ - r.es~lts ~f-' ~o~e - o·tn~r····w~rker~. 
: . • . . - . . ' . · : .. t·. · : : _·..: __ ': • ·_ .·: . . · ... _ . : __ ~ : . . ~- _ ... .. : : ·_ -· .. . : . . ' : ·~ . _·· . .. ~ . .. : ~ • .. · • . ~ .. --~ . . • . . · , • 
. ,. ' w·ere· not corisist1a.nt with .zo:Be11'-~ (1..94 .. 6) .. :stat.e:men·t:; · · ... 1 .· 
_, .. ·) • •••· .. ,·: . ' • . • • • • .- ' • • • • . . \- . . Q' • • · . •, ·• ' . . . . . r. , • ~ - . . - : : -.~. ·_: . .' ' . . :· . . · . . - . . . . . ' 
:·_' Drew · (1912) ·~ound _:.a ·· !~.gular dec7oe.?tse. i .I:l: ~acte:tialJ1U,~~~-s · 
• • • : • • • • • • : • • : · .. • • ~ • . '-c --~: • ~ • • """_. • • • • • __ :: • • • : ' : • • • ';. • • • 'f' • • •• ! • · .• •,; ' •• ' . 
·. . . with increasi~g _depth~ ~ri the '.Wel3t .- II].Q.ies ;· ·and . L1oyQ.-;.;•.:.--!i-1;·_-:, .. · 
- · . . ._. .. - .. · ~ . · ~ . · - -. :· .· . . :,_ . • ·: __ - _·-_ ·:-:. : ,: ; · _, _ -._...._ · . -_ ·:· _ -- .. . ·_··.· . :._ ...... t~·-· ... E:~~:~;:·::;: .. . 
. · . . ·.,_ · :-(1930') . .'found ·simi'lar .. r.es~:Lts- :'in; -the.: 'Nor€h "sea ·~ . · Jarina'sch· . 
• • 0·. .. .... ; · • . ~ - •. :·· ~: : . • • ·•• • • . : _. ... : · .. ' · ... .. : · ·. _ · . ' ~ - · ~ : • • : .... . . • . : : • ·~.:·:.-. :- ·: • . ...... 
·· .. ·-:· .: :·and· :j~nes: ( ·1'959_) :.- ·not~d: ··a· ~-~i~':la€io!l'- .api:>a~e~~iy_.'c)ppoa·ite~ .:.: · 
.. . .·:: . ... . · .. ·. ·.·-··· · ... · .. :· .. ·f. -.: -.. ··. ··-· .... · . · ~ . .. ·. ·-.: . -, ~ ... · · : .. ,···~· ·.· ~ · . · ~--· _: 
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· · .... · to .that de~cr;l.bed by,- ~ ·zoBell· · .. (1946)', · in .. t}J.at ~hey .found ·. 
·. · ·' :. -: .: . . . . : . . .. .. : ~~; :' .• ·~ . ... . .. . ·· . . ... . .. .... ;_. . : : . . . ~ .. :::. : . . ' ·. . . ·. . . . 
·-that ·counts· ·off-· the California·-·coast were:.highe.st :·at .- · .. -.. : . . 
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. ... • : • : · ., • • : ' · , I . ~- • • , ·· :, · .. ~ ' : ~'• ', '~.· ,~ , ·, , , · , · ~ ~ ~·- ,:, .- ..... . - · , ' ' • ::' ,.: .. ' · · , · : ' • o · ' . •, ..... • 
.. ·.:; . . : .-.: . . ~ . ~ ... -.~~~ · -~:~.~~ ~c~< .. :~~~~~:as~-~ .-~ t:e~~-~~Y ·:~~- -~ ~--d~ep~~- .. ~~- -.·~-~-~~t . ?·S : .=':·· : ~--·: .... _o. : • • • 
· · _·, :·· :· · · .> ~,_...a~d ··then '·ino~~ase~ ~ :. ·· ~~ris~. ( ~9-6_3) . £c;i~~d~A}..£~r~ri9e.i:(dn ·. ·. · · .. ~·. ~- .. 
· ~- :. _- :. : .. ,; ~au~t~~-: f~o~ ·: ~~mpi~~ . ~~k~n. ::a.t · ·-dlff~~ent.;. ·~~~~jl_~· ·6.·~·-.. t~e; '~~m~'~ ·. ··:·. :::.: ·. :·.: ·.'· __ .- -. -:· . 
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. ' . s~atfon~ .. from ·· -~.amples · take~·: at.· t)lE! ·.~am~:·cleptli· of: qi.ff~r~iit':. :· . · .. . ' · 
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' Stations, · and even from multi~le samples taken ·at the ·same· 
.. . 
·depth .'of the· ~sam~ station. ·· Kriss (1963) ~ttr:i,buted these · ' 
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. ' differences -~0 va'~i·ations in the· concentrations of organic· 
. ... 
. material present. · other:. examp+~s of appa~ently random 
. .- ~~d · irr~·~u1ar ve~tical · d~~trib~ti~n-· wer~ r~po.rt"~d by : 
. . . . . .··. . . . . . \. : . . . . .. . . ,'·. 
· :BrisOU" ~nd: Rautlin de la·· Roy (1966), ·castellv1 . (1967), 
. · .... ~ ....... . • · .. ; ."· . ... . ............ . . ." ... . . . 
. · -~ -~~ .S.~~.~.c( .. (l967_h ..... Eznra·;~ ·al.·_ ,.(1974) fourn,:l' no 
· ~igni~-~c.ant ~~~fferen~~s . betweeri ' samP.~~,s ta~~n .. frorn·: ·· · .~ 
• • ' • I ff • 
AAkesni· .. aay, Japan, at diff~rent ·.depths, for rnos·t 9f · the 
D "' • 
0 
' ' 1 • t : y~a;. :_. in .t_h~ .. p'resen~·. studi, .no. relation~hi·p ·- ~c;;_s <;>J:?s~rved .. 
., 
( 
·between the !;liz·e o·f .bacterial pop·ulati'on~ and 'sampling 
' ' . . :.. . ..'- .... ~ 
.liepttr ... · -~ . . , 
~ I • ' 
- .. 
' 0 
0 
.. • 
. : ' : ;. '7 . •' . - \ . . . 
· · · ·· · It has been suggestecl •(Scihm.idt - ~ielsen, 190~; 
' ! 
.·, ':. ·· .. .. .. 
·-
. ~ .. •. 
.:_J\ ··· .. : .. ·' · . . . . . -~ ·_. ·. ZoB'el:l f.946) ·that ~eg~l,~ar' d;f~~r~nces .in bacterial .. · 
., ';< ; · · ~ ··>: : :. ~: . . . . .· ' . ' . ' ' . 
:. n~~F:S . w~th depth occur·, not:- . .ln well~J!IiXed, ·but . .in . · 
~ ":.. ~ . : .. . . . 
~trati£ied . wate~s, , •. such as those associated with . the . 
• • • - -r ' • • • • • ~ 
··:~ 
.· . . 
.· .. :: ~resen~e· . of a. th~rJT~o"c.ii~e • .. rrh~. ~apid ·density_ cllange at . . 
o ' . :' • . ~ = .. • ,. : . I ,. . , .. t .. ' • ~ ~ ' · ,: o • ' 
·· -' · ·· · · ' t .he -thermocline' ·shQuld be · $~e.cted' to ·slow down . the 
'• 0: I - • • o I ' • : ' • • ".. • ~ "' • 
. ... . ·. ,;·. ·.si~~i.ng .of the · pa:r;ti~les ~o- whi~h· the '. bacte~ia : ar~ .. 
. . '·: .· ... ' ·. · .. ' : . . -'\ . . .. . . . - . . . . _· . 
. · ·.:- ·.' ._.· .· : . . . · attached, .l _eading to ·t .helr accUmulation at · t.hat lev:el : 
.. . . . · .' . . . . ' . . ' ·. . . ... .. ' ' . .. · · , 
···· .·.-,. ·: ·, .. ·· ~~~rder:; · 1.9~8f Tanak~~ ... Na~anishi, , and · Kadota~ · 1974) ·~ 
·. ·. -·· .;- ~ ~. ~·- -:--·. ~ . . ~ , . . ~ , . . : . . . . - . ·. . .r ~ , : 
·: . ·· .. ··. . . . · .. . · · ~ssurning that · thE! .; ·bacter~a ·.a:t:e able to utilize. t~~ . . 
• • ' t ' • ' • ' • • • ' 0 ' • ' ' :· ' ' • ' ' ,' ' '~ • . . I , '• , ·, •• 
\
1 
: · • • • •• • . .. :par.ticulate ·matter as ·nutrientS and .multiPJ..y , ·~ an ·'fnCrease 
• • ' I • ' ' ' • •' ' ' ' •• • 
• o • • • : : ' 0 o • : I o < o • I ' o ' • • : 0 • I •• o • ~ o\ ' \ : o ' 0 ~ ' '. • # o' ,· ' 0 
· in· 'bacterial numbers at· the · thermo~line .. should be, ·expt!.cted. 
• • • ' • ' • ' • • ' • I • • I• ' ' . ' . , '• ' : ~ '·.'I • '1 •• • .I • • ' • ' ' ~ f •, ' 
.· Ho.wever seve.ral work.ers .(Kri'Ss .ano>'RuJtina/·1952{ Janna:sch···· . ... ·. 
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. 
and ·Jones, 1959: Ezura, ·et .al •. , 1974)' have ·obt~~ned the 
. -- ·<t- .. · . 
·r 'lowest bacteria·l counts at the · theimocli~e., In ·the · 
.. 
•. pr_esent, ~t'udy, th~ exis.tence ot a 'thermoc!J.ne had no 
~pparerrt ' et'fect on bacterial numbers .. 
~ . 
.. 
. . 
·. 
the 
·In the·· surface waters (uppe;r 100 ~) · ~ the -~ce~ns, 
. . I . ·. . ,· . . 
concentra:tions o'f .al~. :t~pes . ~f C>rganic- matter vary · 
· seas.ona.l ·ly ~ . · P~pula tiona .. ~f living· ph~·topl~nkt~n . und~rgo. 
. ~ . . . 
a y~'arly . cyqle of maxima (sprlng· and. autunui··bl.ooms:; 
.. . . . . ' ~ . 
", ·, 
. ·• 
. ·dep~ndin~ . on lati~~de) ·~nd m.iniina and, b~c~u·ae· al~st' 'al:_l: . · . 
. -~ the organic ~te'J:;ial in ·the sea is ultimately derived 
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.. 
. . .f~·om the· ph.otosynt~e~~~ a:ct~v~·ty. o'~ --~hy~opl~~~.t~n·;. the . ·- ,o \ •• • l 
. . .•• fJ . I . . . . . . . • . , • 
amounts of' such organics al.so have' a seasonal' ~arJ,ation. 
. . ' ' . - . . .... . . . . . . . . . 
Duursma tl961) found' that··: the hi.ghest:·cOJ)cEmtrati6n~ of 
• o • ' . •, • •• • • o I • • 
. ·' .. . . 
d:i.ssoi_ved o_rgan.ic ~ateri~l >ocp.~rre.d in_ s~'tin<J · a.~.d. · ~a~ly 
~ .. 
.• 
a . little.later than the p1an~t:oii l:!l:C?9m, 'Wi:th ·a : . . ... 
l • • 'J 
·. ·s.ummer, 
: . . m!nor. rna.xl~um fc:H!o~i:iag . the·: .autumn .'bloom~ r-. . Thi.s .was · 
. .... ' . 
• •• • • • 0 
. . . matter 'i.nt'o the. Opeans .. due to the. breakdOWn Of the phyto:-
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pla~kton . c~lls_ •. · The . ,;sa~e· .cycle· was foUnd, tq .b~ .: 
. ... . . ' . . 
.~ \ .. ~ 
. . 
' ... 
. charao.teristic. ·Of ·both coasta:l···and open-s·ea·s envfronments; 
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. al t~~~~h. t:he s_easonz:tl, chan~~s . were ~t3,BS ,. pr~nou~~d l.f.l ~he , . .• 
.. · :La_t.tei:<<O.u~spl~, : l'9.Gq) ·.· . . ·~e~~u~~· :- .they .. ·are .. . fo~ec{ £.r9~ ·· .·: · :· . . . 
d;J.s sol v~d org~ri.ic. ~ rna t~~-ia.l· .. (J~-~-i~y ~ : .. 1.~'6 3; ··: ~ii~~; :.wil~~.er~:ky i. ·.· ·.: ' .. 
.·. an.d· ~~~ Hemert~ ·19641 · s.he~d.ori( . ~~l;rt,·· ~ci.· ?~.~~-~n£:;.-_ ·19~7) . ··: .i ··:. · · 
' ' • • , ~ : ' • . ' ' ~ ' ,. • .. ' ' ' ' o o • : • ' ~ .. • •• o • :,, • • I :~' :·,:' ' ' ... ,· .. : 't: '~: • ' ./,:,' t ol o o .f' 0 !~ ', o : .. , 
·' · .. . .. the nUmber ·9f: . o~gan-i:-c ,-aggregates : _pr~·sent -i~ the ·oceal}S. . . · .· · · 
. · .•. : ·.. ·: .. .... ··. • .. ~. · · :; · : . • ·•·: ·•· ; .. , : · ; •·· .. : }·· . ·: ::::::: :;.:._.:; .~:?;>{H;::::iz~ .\~, : · ?;>: ··.: · · · · · , 1 
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is a~so d~p~ndent 4pon·. ph¥tpp1ankton .poj;>Ula:tions.... The · 
• - • • • . -1 • .. • 
. ~oU.nt of · d~tri.tu~ 'is· a'l.so ·ai·rectiy ~~1at.e!f ·to. ~yto..:.. · · 
plankton and wa:s f'Ound to · be.· h.:i.ghes't:- ·shortly after :the . 
b,.looin · (.Horne, .'iQ6_9; Menzel ' ~d Rytper, 19.70) when the 
· · n~~_t:' ··of · Q.~ad ot dying , cells . -~a~·. gre.at.e~t. ·:. 
.... . .·. . . . ·. . 
i?hyt<?I?1ankto~ .are· th.e: p:r~m~ .source' .of ·nutrients for · 
. . . : . . . ~ . 
ba'ct~ri~ ·and they .a1s~ :'pr~~ide soiid surfac~s 'for . . 
• ' • • 1 • • • • 
• I II 0 }' , 
l;>~cteria1 · att~~hrnen~ ' and the concentr.a·tion .Of di$1SOlVed 
• •. · • • ' i ,I ' " , ' • . .._ ' • . . ' • ,· ' •· . 
. · nutrients'~ s~ it. is not s"Qi'p'rising that' ·Q.umhers of. .· ·. 
. bac~~ria . a~~· closel,y · te1a.t~a · ·.to ~~~rs ·~f. -p~ytopl~~kt~n' . .. 
• • · · - . •' J 
.• , ·. . ·. 
<'zo'Be~l, :J.9A~) .• 
. ... ! : .. 
A· nUll)b er . of workers (Gran r · 19 3 3 ' . 
. · . -. .. 
·Waksmc3!,l,et . al. ; 1~3~; ·v~~ ~ran~·, .Rakestr'a,w, and ~enn,. 
1937; : ·Voroschilova arid ni.~ova·, .1937 ;; ·· · ZoB~ll, .- 1946 J .. 
. . . ~· '. . . . . . . .. ... . . , .. · . ' . ' . . . . . .... . . ~ . . 
I 
Moskov,its, 1951; . Williams,' 1951 ; · Deveze ; .. 1955, Seki, , · 
.• ,: . . • I . . . . . • . . , • • ·. . _' .. : .. · .. > ' • • • •' 
. . ·~·· 
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. ·.::.: 
~ ~. 
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·. ~& 
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1971) . have : ·invest~gated ·. ·t~fs relationship and. a·11 ·.have \ · · . .. · · . . 
· · . ·_. '.'£otin~ 'similar res~lt~ ~ ·. ··;hei· - ~o~n~ .. th~·~· ~ · .. ~'"s~e~!ially · · :-·· .. ·.· .·.·· ... .' . · .. : ·j 
'o 0 : • ' ' ' o • • • o ~ o ' • ' • ' • ' I ' ', o o ' ' • •: o • ' 0 ' ' o • ' , ,,: o I : ' '• ', ' ' • · , 0 
. during ·the bl.oom, .· bacteri~l7populcitions rose . and :·decl i ned 
. .. ·as•the .P,h;:to~~~~to~--~~pul~t:io~~~~·s.e _.~ q· : fel~~ · .. ·~.~ ... ~a.~· . . : ·. · · .. ·-~ ·-·: · ' 
. . . . . \ : . . . . : . . . . . -.· .. ~ . '• . . ·• .~ .' 
- ~leo_ demQn~~r~~ed tnat a ·s . plan~tori n\linbe~s ·'Were a.~-~~.fn_in9' · 
• ·• ,, • ~, ·. ,'. . • . • • ' • • ' . ' . . ! ~ • :•' •: , ' ' • ' I:' ' ' . : ' . ' , , • ' ' . : . . ' . . ' • . • • • • • ' ' 
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• k 
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. ,. 
·. ~ 
at·. the erid . of.,: the bloom I · . . bacter~al 'populatiOJ;lS· rose ~ ' .. ·.. ~ ' ' ·· . 
• , c., ~ • • • • ~ • • , . : :'_ .: • .... . . ·.". :': • ; : ·: .. . · .: ~ ~ ~ ~ - ·. ·~ , .. . ·t~ .!·~"· ...... ~_· ... .. _·· 
.. , ·., o~.~en, 1;eaching higher .numbers than·. whEm· the :nultlb'ers ·of: · 
· ·. ·: · -·phyt_opla~kt~·n·.:~;~ . g~~at·e~~~ · ,. ;hl~ ~-~-~--- ~~~t~b~~~·d:.~~·.·:~~ -. :· .::_ ... ~' >_~ -~-(: ·._:;· . 
•• j • •• ':o ,,. . .·, • ':··. · ·: .. · · · ~- · ~ . · .. . ·.· .. · .-~ ... :· · . ;:-... ~ . :' ' .· ~ - :~- · ',· :~ .... ·· ~ :- !•: : ' .': ,·. $ • 
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1951; williams,_ 1951) ~ 
· Ih• t'h_e· pre·s~nt study~ the. · rel'ationship-·betw.e-en the 
,;.,, . . . 
~ • ·- • • •• :::.0.!> 
b 'acteri'al: and 'i>hytoplankt,on populations .is ' not' clear, . 
. . ' . ' . .. . 
' ' D 
,exc.ept' for the bloom l?eriod. During that time, ... B:t· each 
d~pt~ sampled~ .mini~um . ntunber~ ;f . b~c~~r~a ·~cburred .when 
/ . . ·, ~~~~oplan.kto~ p~p~ia~f~·fts ~e~e" h.Jghest. . Th~~ -- ~ight: ~e .". · 
a·u~. ··to . ~he :.se~~e~i·o~ q_f 1arg~ ~ciunts.' of · ant . tb~6terlai 
·substanc~s 'by the plankton · ~Seki; 19 71) • 
. . . 
.. 
. . . 
bacteria started· ·to increase once plankton numbers had . 
rea·ched . their·-peak · and started to decline. This . is· ,in 
I' , : o '- ~ ' • o ' t ' ' : ' ' ' • o • ' I ' I ' I 
I' accordari.~e w'i th the. ' r~,s~lts' • of . studies already mentioned 
• • • • : • • ••• " •• : • •• • • • • • - . • • j ~ • ' • • • • • 
. .. and was prob~bly:· du~ to · tJ'l~ u.tl1iz.ation o·f the .organic . 
· mat~rtal, :¥i:;e~~-~e·~ ,f~~~· .. f~e ·~e·;~;ing ·P~~~.~Pi~nkt:~n · ~:.lls •. . 
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.. ; . · ... Temperatu,r.~· profoundly aff.ects .. the growth'. apd · 
. '~t~o~ism; ci~ll : ~~.ze ~~ ~o~~h;l~~: cell Y.ie~d, . . · • 
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c~emica;t co~posit~on .. 9£' mi9ro--orgariisms · (Ingraham, ·.196'2 ~ 
} ' 
· V"'" 
· . 
: • t • - ' ' • • • • •• • • •• I : • i . . '·, ' I . ; . • ~ . . .. ~ . . • ~ ' ' . • • .' . • ' 
·-' ,.:', . ·· · ·,. · .' ·Fa_rr~·li :~d' ,'R~s.~.·, ·1.96'7) ·> yet .. tl:l~ ,. effects of. iow. ~e~pera- . .' -
• ' I • • • • ,• • •, ' • • • ' ~ • • ' . I • • • . ' ' ' ' ' • . . ' . ' , ' ; ' ' _.;,J ' •. 
·:· ·: .. ·.·.· . . . ··.· ·. ·: · .. tur~~. ·(.sc··or ·1l.eiow) ~, ·· 9h~~-a~te.r(~·tic· ~£, .95% '.of .. th·~·.-'.oc~an,·< . . . - ' -, 
' . . 
• • t' • • • • • • • • . •\ • • • • # ... ' • • • • • • 
• • o "' o f t o 'o o o ' o ' , ' ; ' ' , • o • • o • • • , • \ ' o \ o o ' ' • ,~· I • ' o ', · ·~ o o ' o o 1 ' ' ' • I I •: '• o ' 
. ' ' . '. : :.· . ori .marine. bacteria 'ate ·.not we~l; und~rstood ,· .(Morita,· .. . ' ' 'II ' 
.:· . ·. .. ~-. · :· ... : .~~7~;< ~·.-·~~~~v~~· ;::·,:.~~· -;s·.: ~o~:t~u.i:·: ·iii·~~-: ~~~~~:iat~~~·' .. h~~·:~~c~A· .·. ;·.>· 
.. , . , ,o I I' o - :o,' ' ' _. '" •, •• 1'• ,: ,' ',··?"· : .. :, ~ -:: •'•,.'~· ...  ~· ,\, i ',·.,~' •, : f •: .'l"· , ~· ~ - ~ ' J:: ,·:,:'.•, : ' ;.'. o · . : • .' , , ' ,.: '• 
.. .. · :· .. .etfect on· 'the. ·n.umbe~a ·of 'biictei;':i,a: found· in the·, seas, . .. ':·: · : ·:- · · 
,~ .. .. · .. . . . ·· ·:. -: .: . . '· .'-:: __ . , ·.· . ·~:- .. .... -.. .. ~. '::. :· .. : .. ··· · .. · .- ~ . .-.:; ~-- ·~:·:· :· 1' ·, ·· . . _-:;.··;: : :_.··. '.' ... ... _ . -::-, ~ .- ~. ~ - : .. ·:· . 
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m~tabo1ism an~ . ~ro~th,. they· also lnc:rease gene~at~on · ·tirne .# 
and decrease the death. rate ·(.zoBell, . l9.46; Ingraham, ·19 62) •. 
. . . . . . . 
·. ·, · 
In th~ . p;resen.t study, ba.cte~ial numbers and wa,ter 
f . . ' . ~ • . . ·~ . . ~ 
temperatures were apparently.·.un::telated.: Several ot~e~ 
' • • { • • • ·-: t • ~ • • 
studies conducted~ ~ver I?eriods, ' of ·m~mt~~s • or year's· ' I · • 
' • t ~ ' • ·~ • • • ... ' • • , 
· (Mo~kovits, · 1951; Velanka;-, 1~55, Seki·, 1966; castellv1 
• ' ~ • #I • , • ' • • 
1967) i~dicat~d .that only. vagu·e ·.relc;ttio.nsh~ps or none: 
at all .. existed' })etween the sizes of · b~~teriai populat.ions 
and water ~temperatu~es·.. W~od '< i95,3.>.: ·r~port~d that ... 
'p~cte~ial· nwilber~ off the · coast . of Austral'ia ·~e~e 
great~st .·wh~~ the · w~f~J: · .·~.~~Pet:~tu~~ - wa.s· hlghest;· whil~ .. 
. z~B~li · ~nd: Feltliam (l934,) ~~und ·.that h·i~~~s~ bacterial ·· : 
•• • • 0 ·' 
.numl;>ers ·were . obtained. wh~n. th~ ~~ter w~s ~oldest ··.off . 
, ·. L~. 5-olla ,• .caiif~r~i~~ · . ·However·, .··in bot~ ~hese· ~tudie~· ,. 
• , . r a ~ 
.. I . . ' ·· 
a relationship bet,~een b~acteria~ p~puiation~ ·and wa:ter · 
. ' ' . ' ~ . . . . . 
• ~ , • • ~ I , , I , , , 
temperatur'es. was..!lnot apparent over. the entire '. peri'od . 
' . ~ . , . • ~ ,, ' • . . , .. . . . • • - '. . . . .. .r . , • • • • . • . . ' '- • 
· studied.·· . · 
,· > , ,· . 
. . ~ " 
. . . '~ · . ·. .. ' ' .. ' '. : . '. '' ' .. ' ' . " ' ' . . 
Altschuler .and )liley · (19.G7) · and Sieburth . (1967) . • ..-
• f 1 ' • o ' . ' o o • o I o / •• , ', • o ', ',' 1 : , '\ : o '• · : 
studied.' the.:bacterial . populations'. of .JJong ·. Island. · s~undl"'..-
... 
':-· ' . ( 
' ·. 
· , 
• ' t ~ ' ' ,. 1 ' ' ' '" , 1 ~ ' , , f' • r ' • 
.· and· N~r~aga~s~tt_ Bay .. ; · f~spect;j.~el-1: ~ ~v~r · ~~t~~~.e~ · p.eriod~. :. 
.. . . . ' . 
. ·= , 
. . · ... 
·, · · ·· · · ~f t:i~ ·. At · .~~gula~ int~r;;~ls~ ~ ... tli~;/c61ie.~h~ci"~amples 
,-
0 ~ ' 0 • \ 0 : 0 0 ' • 0 • ~ ' \ ,, )~ '' 0 0 0 0 1 • ; • ' • : .. , I : 0 , • :o ' • ' \ 0 
·.:fr'oin· the: · se·a. · .wat~r ; cinci ia6l~ted · ba~teri~ from ·i:item; ·i~·· .• .. .. . . 
.. ' 
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. . us-ing .a ·. numbe.l': ,of .differ~n't; i _nc.Ub.ation·· te'inp~ratures ·. ; .. ·It, . .. . ·. ·· .. 
,. : o ' , • •t o ' ' oo ' ' > o : ' : , ' : •:1." ~ r' • ' ' • : ·, : ... .. ' • ~' o/ • : • ' ' • '' • I •: ;' ' ' ,: ~ ' ! : "" • ,.J' • •' o ·, ' } ol ' ' ' ~ t ' I ' ,,: : 
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which were clpsest to· the water . temper~tures · from which 
th:_e par.ti.?ular · .sai'(Ipl~s w~. taken. · . ~I'>: :the .. present· study, . 
. . . . 
two incubation. temperatures, 20.C · and SC, .were used, but . 
' . . 
the situation as · d~sc~ibed by Altschuler and R~1e~ (·1967) 
.,• .· 
I ,arid 'si~burth . ~·1967) was ·not encountered. No ~i'gnificcf'nt 
differences between. the 2oc· ·c,ounts and the · sc ~ou~ts' were 
'·, 
' • • • • !. 
found, despite - ~he fact- ·tl1at th·e w·a,ter .. tempe~ature was. · · 
. ·-
• ' 
sc :or. lo~er ·thro~ghout the entir~ y~a:.: at t~e ' bottom 
•• < 
surface·· ~nd ·rn.id.depth O:.herrnoclineY ~ I • 
' •• . . I. 
Both· Altschuler . aJ1~· Riley . (-1967) and Sieburth (1967) 
. . . ' . ' · . . 
'indic;cated . that, ·although water' . tempera~ure sel-ected 
, . . . . . 
. "tne~m~a: types" . (bacteria · bes~ adapted to ·the particu+a~ 
~ . . . 
· wa:ter ~~·xrt~.~ratuJ:r~.s _pl;eVailing); it did not deterrni,n,e . ~the · 
·.ge:neric cornp~sition . · (ba~e~ ~:· the: ident:i~ication - ~~heme 
of· 'Shewari, et· ~i~ ·., .. 1960.) "of the bacterial p~pulatiori ·. · 
. · • • l ·• . . . ~ •• -- '=" ·."" .... • • •• ' • ' • • ' • , • • ' . •• • .. ' " . • · · ~ 
·Although·.' gener.ip ·composition. of 'the . samples ·taken' in the· . . 
... 
' • ' ' ' .' ' , ' I ' 
, . · pre~en·t .!!Jtu~y· .wa~ ·not ciete~-i~ed, th~ .· "i·lUrnbers .. ·o/ ps-~ud~mq~ad~ -·.·-~ ... 
' • •: ' ' • , ' ' ' ' • • • • '. • 1 • .' • ', ' : ' • • .' ',' • '. • ' • • - I 
and their percentages . 9£. the ·tota1· bacterial populations . 
• ·' t • • • • • •• ~ • • ~. • \ • • • - .. • ' • • • • • • ' : ~ • • 
.. :· . . . . . . . . . . . - . . . . . 
. we~•e ~-. Except . -for the· su~fa~e samples, where · they appeare·q · 
"" 0 • ' • : ,'o o • ~ ; • • ' ' • ·: • • ' • ~~. f o • o • • < ', < o : I ' _. ' '',II ,'\ 
to ·be. more ·prevalent · in· the autumn· . than: in .the. winter ·to 
. . ' . . . . . . ' ~ . . ' ', . . .' 
. · ' . ' \. 
summer· ,pe,:r:io(i, ' pseudo~onads 'did ' not appear to' undergo 'a 
• ' • • • • • • : " ; • • • ~ • ' • ' .. _ .. .. • . ' • ':· ·.: • • • ' .- • • ' . • : f' • , ' • • • • ' • .. • ' • ' 
. ~· 
. · ... 
· . • · a~asonal . . selection • .. A~C'ord;i!l9 -'to: ~lt.s~hule·:r · ·.and. 'Ril.ey· 
,. .. .<.~·~6 .7) .; -~se~a~Jilo~a~·-; .. . ~{on~ ;·:wi.~~-'. s~i~i:~:~~· ~~-~~· ·~ibr·~·o / \ .· : ·· : · 
: . ' ' . . . ·! : ' . • . .... ' . . . . - . : . ' . . . . '. . . . .~ ~ . ... .' ; ' .. · . . ' . 
. ·".cont:tibute d :s -ignificantly·" .. to . the , sllinmer s'ample's pUt : .· ·. 
' o ' • 0 ' • • • ... ... .. I ~ • • , ' • ," : ' • I • ' , ... • I I • l > ' o .' ' 1 ' ' o • .~ ,' :' o' : S I -~ ' : ' ' ' • 
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were q~ little iinp~rtan.ce at any other time of the year . in 
. . 
Long _ Is~~d ~t;:>Und.. .sieburth. (196 7.) .fou21d. that t i'~ : 
Narragansett Bay, t~e qua~·t~ t~·ti,.,e importanc~ ~f Pseudomonas 
• • • .:1 • • ~ 
. ... . 
. varied rando~ly. throughoat ' tl1.e year;' 
• • ' ' ' ·: ~ • • • • 41 • of, • ' ' I ' ' • 
·The term "p~ychrophi~e" ~ · coined. by Schmidt. 
. .,., 
G 
Nielsen 
(1~02) ,. ·is .u~ed ·.to ~~scrib~· those bacteria· able to ·grow · · · · 
.' arid n\u.ltiply at ·· low te.mper~atures. ~· Considerable confusi~·h 
. • . • ' .. . i .. 
. exists a'b'out the ma~imal, mi~·imal~ and. optimal. temp·e~.atures \ .· 
. . ... . ·' 
··. for the· 'growth · ~£ psy~hroptdles 1 since·; the ;· term _has b'ee~· ;, 
de.~i.n~:d ~ri a · var·i~ty, ~ ~£ w~ys· .(M·~~~ ta; · 1~~6)' • . ·: Howe,:,e; 1 -
the- m~st' recent . ~n'd prqbably the most . useful de'f,ini,tion' 
. . . . . . 
I • I' ' I : • ; ... 
states ·.th~t . p~ychrophiles are · those OJ;"ganis~s : "hav~ng an 
. ' . . . . . ' . 
·. optim~:i· ::~~mp~·~ature fo'~ g:~o~th.· ~t ·ahoU:-t:- lSC or: io~er, ~ :. 
.. 
·. · maximal . tempe.rature fo~ 'g~dwtl) ··at · about· 20C ~nd · a minimal 
" '· 
ter:npe~a.ture io~ growt:h at Qc' : o~ bel!JW11 (Morita r: .l-97 ~). · 
Beqause .of th~ :t~w iempe.rat~~es characte.ristic of 
·mos~· of the .mari.ne e~ .. ,.i~oiun~nt :· i:t is _ ·g~ner~lly ,agreed 
. ·. . . . . . . . . . . . ' . . . .. . . : . . . ·. . 
(Ingr~am,· i962 :; Mor~ta;· .. 1966;·197.? ;· Farr.eii · and~ Ros_e, . 
.. 
. · 1967> tl'lat the iar9e . _majority ?f marine · b·a~t~ria ., ··· 
. e~-~~~i~~ly · .~~~e~s ·.of , th~· . : gen~ ··. p~·e~~6~on.as: ,<.~re .·· · · · 
. . . . .. · .. : . . ' '. . , .. ·. . ' ' ·. · . ': 
. ,psychr.o~i.les ~ The :re~ ui~s o{ ttl~ present ··stua,Y', haw-·· 
' . . . . . . ~ ' ·: ' . :, ... . · ' . , . . ·' . . . .. . 
·e,.rer;,· do· 1i~t...,ina:i·c~~e ·h~~: in~Y p~~~hr~~iii~es ~ if .. any·, .. 
',·~·.',:.' · • · · :. ~·· · :- ::· . ··,:, f ~~· ~ .. ' ' , ,•·,~: . ,,· : .,..,.: · . • · , =, r 
'• 
'. 0 
'' 
I 
·were present, because ··both tempe'r atures . used , ( 20C · an'ii · · 
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. "SC) · ·li~ 'within 'the temperature .range ·_of .. p~ychrophilic; .· 
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EFFECTS OF MICRO-ORGANTSMS · 
. . "' 
. .... Bacterial· populat.i,ons .in . the· oceans· are affecte"d .. · 
. . . . . . . 
by the acti~i tie~ of a: variety . 'of mi.cro-:-org~nisms, 
. . . . . '. . . . ... 
· includ.ing phytopl~nkton, b~ct~ri~phag~ and. other bacteria. 
' ' .. . 
~ ,  
0. 
l?hytopi.ankto:q" · an~'\ th~ir .' a'ctivi ties c~ose~y af'fect 
' 
. ' I • 
. the b?Cterial·. populations.· of t~e se~.s .•. A~ ~ .. as already 
"be"en . di·scusse·d·, phyt~pi.ankton provide nearly all th~. . 
.I . • . . . " ' ' . ' ·. 
' ' . . 
rtutrierits ·'needed· by the . bac~eria ·aJtd also supply solid 
.. 
. sur.faces for attachment • 
. . . . 
Seki 0.971)" found . that I.Cilthough many ba·cteria ~ 
~ttc!qh~d · the.~selv~s to phytop.lank.ton. fo~lowiQg the.· blo~rn, · 
• • 0 • \ • 
it .'few·, .if any, · . attached. b~fore .. or . during. the · b~oorn period· · 
. 1: . . . " ; . . . •Q • 
Moskovits ('i.9sl) · . · 
.. . 
·. and were . found,·. instead"~ on 'detritus~ 
. •. . . . ' : : 
• • • • <' 
n.oted tha·t ·while the: mimber . :of bact:eria ·attached ·to· . 
' . . '- . . ~... . ' . \ . • ' . . . . 
··phytopla_~kto·ri .. w~s greater.·.than ·the ~timb~r fre~ · i'ri the 
. ' . . , . - . ' . . ~-
water wh~n 'the' blo'om was declining, it was less ' thari . 
•. . ~ · ' . - ~ . . . ·. . ' ' · . . ··. ' . ·. . . .: . . . . . . . . . 
the nt:pnber :of . free bacteria be for~ and during the b~oom . . ,. 
: o ' • ' I ., • • ' o 
' d . • 
. 
. • 
·- Pl.ank:ton. 1cel1s are ali,ve , and" healthy . before· and · ~urin'g 
~ l ~ 
0 0 
1 
0 0 
O 
· the · ~lo,orn, but .. a~e . ~ead an.d decayi~g a,fter .t:_hi~ . period . 
. ' 
· . . has enc;ied.. A . nurnbe_r of work~rs. · (SteeJilan ....., Nielsen, '1955; 
. . ' . . ,• .. . ' . 
'· 
Opfenheimer and vance,196.0; :Moskovits, · l961; Droop· and 
: ·Els~n,··· . l966) · h~ve· ~ f .ound th~t ':~~cter:i:~ · ·readi.ly ~~t.ac~ -
• ' '\ .•' o :· • o ' I ' , ', I ', I ,• , · • • • I o \, ', ' , ,• 
t .• • '. 
- .· ,. 
themseive~ to· !]ead P,hytopl~kton : l;m~ . ar~ ·r~rel'y~ ·if ·.ever, · 
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. D:r;oop ano Elson ·(1966) ·<;:onc}uded,_ that healty _diatoms 
·.have s0me ,;defe~.s ·e mechanism"· which prevents b~ctc~rial· · 
. . . ·. . .· . . .· ~ . -. - . . · . 
·. ' . ~ttachnt~nt~ 'and . which is lost when the diatoms . die. ' SeJd I 
· (1971) suggested that t~e - mechanism .invo+ved' is the 
' v,.. ' 
production of some antibacte~ial agent released iri:to·. 
. t,h~- 'e~viro_nmen~~ ' similar :. in ~~ff~ct . :to · acry~'ic · ~cid · · 
" · which was found · to -p~oduce bact.eriai .inhibition in .certain .. 
. . : . . 
plankton .blo?m areas of th~ Antarctic · (si;eburth, _1959, 
.-·1960, 1961). · A wide. variety .of phytoplankton .. ,organ~~ms 
I J • • • • 
manufac.tu.re aJ1d secrE)te antibacter-ia-~. agents (St~eman - ·. 
. ' . ' . . . 
Nielson, 1955; Sieburth, 1964, 1968) - ~ How~ver ,· - ·si'ebu~th 
.. _ • • ' • · .:- . ,• f • 
· · ( 1~6 4) · ~?tated that. ·the pr uctio~ of · alg-~1 -antibiotics . i n 
detectabi~- amoun/s app~~red .to . ~our · ~nly d~rin.g .peri~ds· . · 
• ' • . ' ~ . • ' 0 . • • 
·· of ac~i 've growt~ •.. . ~~q·h pr?d~~ts .; if . p~od.uced·, ,wo~~d, 
. therefo~e, tend .to. ac~~mulate. in a:t.ge quantities d~ring 
.. 
. . 
phytop~ank~on. blooms. · 
I • ' 
.. 
In ·the ·presen£. study·, lowest ilUmb~rs 'of· bacteri~ . we~e 
. r .. - . . . •. 
e countered whert .phytopla~k'ton J?Op~lations · - wet~ at their · 
·. ' 
> 
. 
,\ .. 
it'tle is known of :either the o'ccurrence or :activ:ity 
' . ~ := ~ ' . \ . . - . . ' 
e b.~ct~ri?phage. . Althcn,1g~ _·some· -~hages: acti':e · 
'against ~'-:i~e .. ~~~~e~~-~- h.~~e been_ ~so~at~~ f~~m .. ~he -~~~: ...  ·. 
~ZoBe;J.l, ·1~46~ . Sp~ncer·, . ·1~?5,, ~~6~; Wiebe. an~ L~~ton, : 
. ~ . 
.-
. . ' . . . . . ' ~ . " ' 
··196s) ·: ac;;' ia~ nori~ have be'en ; found ·in t:he ·tipen· North .: · . . · · · .• " · .. ~ 
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Both ZoBell (1946) ~nd 'Spe.~c~·~. (19;~;· w~re at?le. to · isol~te 
. . . .·. ·' '· , . , . 
i . phages · ~nly ·. af£~.r : many ~n~u·~~e-sS'ful ··a~tempts · and,,.·:so; ·. 
concluded that they odcurred ,' o~ly . sparse·ly ·a~d . 
.. . . ... . . ' 
. .. 
'spo;radi~ally in. sea water far froril land. 
' 
11 bac.terio)2h.;tge· is · · 
. •, 
.. . . . ' 
ge~~rally . found· asso~iated _with large number.s ·of ·. r.~pidly 
-mul:tiplying bacter~a ·, so it is doubtful. ~~ the s_p~rse 
" . 
·b~ct_erial po~ulat~ons ,characteristic, of open . ocean . 
.. , 
~nviron~'erits .are conducive to' th~ deveiopmenf or activity. ~ .. 
• . , , • . • ~ . . . • • , . • , , ' • ~ • ' • . • • · .. , , ' • I , . 
of ·.~hage .... ' H~ added . tl1at ::there were.~no .experimental-
dB:ta ·o'r th~pre'ticai . considerat'ions. to:,.s.ugg·e~t that 
-. ... 
· bacteriophage 'are fa:c:tors. which l.imit the bacterial 
~ . . . . . . . 
. . 
The a·rea sampled in :the . 
·. · . 
. . ,' pr~sent _ ~tully :Ls ·. a c<?astal ·· ~n~. , : b~t . ~t : ~~s ·.spat~e ·• . ., 
.. . ·o 
bac.t .eriai popul.ations characteristic 6£ oceanic . 
'' I ; ."' !,. : ' ·; . • • • ·: ' .._ • • ~ I ' • " • ' ' ' ' . ' ' ~ ~ ' • • • . ' ... 
envirori.ments, .and, · .therefore·,. ·it' -is doubtful ·that .: · ·. · 
. . ' . · " . . · . . ' · . 
\ .. ,• 
. _ b~cterioJ?hage .~ct.ivi"ty ·is important her'e. ·. Unfo;tu.~at~J.y / , 
. n·o · data on the .'~r~s·e-nce of pfia<j'e.'' i~· ~e sampling 'a·rea i~·. 
• . \ . c. .1" • • • • • • •• 
~ . . .. 
'available . 
. , .. ~ 
·some · ty_p~$.: of bac.teri~· are _able ,to -~~yersely .. affec~ : 
. : . ' ,\ \ . ~ . . ' . . . . . ' . . . . . . . . ) : . .. · ... 
.the 'activittes :and numbers o'f .. other ··bacteria ' 'in' mari~e·- ' . 
. . . . . ' 
. ; 
'. · .. 
.. '•, 
· ' 
._, 
envirp~e~ts.. su~h. ·an: effect \~s · ' _accomp~ished either by . ,· · · .. ~. _; .. . . 
d·;~~c~· act~o~. :on.· ~~~· ·. ~-~r-t_-- o~· ~~ b~~t~·ri~ .' ( ·~~- i~ -~h~- ;ca~e .· ... ·.- ::.·:. ~ - · 
' , o l : ' ' \ • , • • ' • ' • ~ o • I \. . • ~ • • I , ..,."• 
o~ p~eda:tory bacte}::ia)· ·or·. by ·t~e ·reiea~e. of .. <;;=e:d:ain· .. · ~ .: .· . . .. 
. . . ' .. . . . . '·~ . . . ;..  . .· . ',· .. ,~ ~ : . : . ·' . . . 
inhibitory_: aubstam:es· int~- th~ . ~nviro~ept..-: ;. .. ·· .... 
I · . 
1 
•• , • ~ · '.• . ··~ ,· • ,, •• . ,' ~ ~ ' •, • ' ' , • ~ , , • ~· •• ', • .' , ' • ."1• •• · ~ 
0 
' " <t ~ ." ~ 
0 
t 
1 
: ~ I •' Lo ._ 0 01 , 0 ' 1 ° ' 0 ~ 
,• ..... ' . . .· ' . ' . . ·: . ' . .·/, "· :.: . : ~. ::. . . . .~. · .... 
! ' • ' · ·~ : • . ... . · .. . -~: ' ; • ' , . ' ' ' • 
. . . , .. · •: · . . · . , : t -. ~> . · .. '·t: ~:: ·~· .~:: :; .··;:: .~ ·. !r:,>:/' ;c' , . · • >.: • :_ ·: : . 
. I 
. ; 
' 
.·.• 
.. ·· ' 
•' 
'·' 
,; 
.; 
' · 
·:l 
.~· 
\ 
' 
! 
1:' ~ 
)' . 
~~ ·~: 
' 11 
fif~ 
""·'' 
;!:~. J ' ' . ·. ~: •. ·-~ ·:· >· . ~-. ~: ·. ·":.- ',.: ::· ~-. _'-.. ;·,: . -: .:-;:' ... : ·. <. .: <·: ... '>"·: . :· .-·:.- :i_'·.. .~ . . - ~ ·: . ... ·< .:.: ' . .- , ... < .. " .. . ··~ .. :,· · -:-. ~-: •• ./ • • • • .- ·::~:-;· · ~< . · .~!.11~~~-~nr·~hl'~·J"'''~~.-r..--·"""~1\',\·~...,~~v..m~~~~.:tr~iM!.m. ~r · ·: .. . , ·· ,:t;,l' ",t r- .. _, , .. , ... ,. - - •(o '1•, -': • ',"'' .. ~ • r ')o ~ .. ~ .... ,jl, ,..,, ', • • ·0 ~ -~ ~·r -.>,(1 - ,,. ;.• ._ , ... , .. ~·,.~, ·~ ..., IJ,. 'iQ ~· I' ... . , ,.~"""'•~J;l/ •111- •oos.,., o ·_ ._ ~._. C• 'll• <o 1<,~ 1. , , _- 0 : :;,•:~ 
j ' 
' 
,, 
.. 
. , 
, · . . . . 
· ·- ) 
'• 
.. 
: . ' t . ,. 
r, 
• ,, I 
·" ·· 
' · :~ .. · 
. . 
.. . ~ ' 
· .. _. : r .. . ~ .. 
. • " ·, · \.~ I 
. .• 
•. 
. ~ -
·: ....... . . .. . . 
. ·. ·.· . .. .  
. ~ . ' 
... · . =· 
. .' "-12Q:.. .. -
I :' • ' ; 
V · ' ~ • , 
. . 
. 
' . . : : . 
. ~- . . · "'. ' 
., . -
. . ~ ~ . . . . : 
The- predator~,' ha~teri~,· "Bdei16vi~~io; . ·p.rey.s :·~n 
:~~her · b'~c·t~·ria· ~~;~~-~n~ -. i~ . ~-any·: n~tu-~~1: . en~~~~~-~e~t~ ~ -
. ' . . . . . :. : ' . . . . . ... .: .. ·:: . ~ . ,· ' . . .: .. - . . : . . ·. . ·... . . . •·. . .. ' , . : . . . . . 
·~ncl;,udin<~f · ·the · se~ .-(s_hilo; 1.966) :- .un"fortun_ately·, most of 
· tite · · -~~r·~~e_. : ·w~~k . .. ~·6ne .wit~· ·.mernb~~s.-:o~ ·. thi~· :~~~u~ ~ h·a~ . . ·.: · 
' . . • . . . . . . t'l, . . • .' • : . . 
. . . ~ . ' - · ,, .~:. ... ' . . ... .. . . - ' . 
:involyed_ p)<ed?\troh on 'coHfopn~ ~~it.~h~l.l/ Yank:ofsky; 
.. • • • .. • • • • • • • • • ~ • t ' c. • • • • • • • • • • • 
and .. Janna'sc~,. 19'67). ·i:n co'astal w·~.ter's. :, ·rather ·th·a·t ,· p. 
pr~d~l~n · on. · b~~~e-iia .:i~~ig~~ous· · t~ · th~· m~·r;·~n~· en~~;on• ·: . 
~ .... ·. . . . .. ~ ' . . ·.: , .. . . . .. . . ·· .
. '·m~nt .. . ~-e~au~e. of ·thi·s; . .-li ttl~ · ·is kn~~n·: -~f .. ei'th.~r: \he ·. · .. · . . ·._· 
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· . ·. ·.d;i.stribu:t:ion ·or. the eC;:ologiqal .import!in9e·· o':f: . . . · · ··· .. · 
' 'o : f o • o ' o ' 0 ~ ' • o o ,._ o 0 ' , 'o o ' I o o 
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. Bdello')'ibrio J.n -~he .: sea. ·.- · . ... ··. 
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Di.s~o~ve: all cop~po~ents. · ~djust. pH to 7.1. _ · Disp~nse 5-ml 
portions in 13 X'lOO-mrn foa~-plastic ·plligged tubes. .Add an 
inverted Durham tube to each.' 'Autoclave· at ·1·5 lb. 'for 20. 
min.· . Cool : and.· hold at · s·o;c in ·water. bath. To each · tube of 
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·Medium f~r .·Antigen Production -(~oskovi ts ·and .. Foel~che ,· 1970) ___ .. 
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·N·aci .· . 
0-ga.la<:::tos·e-:. 
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. . splutfori_ o:o%) ~ ~ Mix· t~orqughly .. 0 · Disp~nse,. aseptica·ll;f I 
3~rnl. portions .in · 13 x 100-mm .. sterile, "'foam-plastic plugg-ed · .. 
~ub~s ;· · · · · · · -·: . . · · 
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- ~ Pyocyanin Medium· 
~ . . . 
M~k~· -up :Bacto-P~eudoJ;onas· ·agar ·P (Difco) -as di~ected in· 
synthetic sea ~afer. Check .pH ·(runs' 6 ·.·65-6.8"0) ~ A.utoc.l.ave . . 
at 1.5 lb_ for . 15 ·-mi'n. · · · · 
. ' 
Sea .Water (L , 1940} m6di£i~d b 
and Flanagan, 
· . ·NaCl. 
. Mg_ql. 2 • 6H 2 0 _. ~aiso4 ' {arthydrous) . _ 
: Cat:J:2 • 2H 2 o. . · · ... -· 
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. . · NaH~03 
>Ksr ·:. ·. 
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for. 10 m·i.n. · - · ·. · • · . · _. · ~ · . _. : . ( 
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·. · Dissolve ·. all c6mponehts. Adjust pH to .7 .a. Add agar .and . 
'steam· to 'melt.· Filter hot ·through doub.l ·e·-iayer· of cheese-
cloth .arid Pyrex · glass · wool. · Autoclave . ~t 15 lb for 20. min·. 
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APPENDIX I: OCEANOG~HIC AND .ME~EOROLOGICAL · DATA: 
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' . 
. . ····· 
.·'i3 : ·, 
·, · '•, 
.Nov .• 
. ~ ~- . . 
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.... : . . .: ; ':· .... : ·:.: > .. <· :~ ~~ --' ; 
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Table .4 ·. Meteorologica·l ' data dur'ing the salf!p1ing 
. . . - . . . . . 
;.. . 
Date 
1972·· ,: 
.. 
S~p_t. ·. 12 . 
Sept,. · 29 
Oct·. 11 
Oct. · 24 
' 1973 .. 
' ' 
. · Jan~ ·'25 
period~ 
/ 
·., 
'· .  . : 
Maf:nly c~oudy· 
·Fair ' . . 
·' 
F~ir - ·· 
· Oyercas~ ~ky 
~ 
Overcast sky :,' . 
. ' 
. .6 · · Fai.r .. · · 
.. . 
. Mar .• 21 ·. :OVercast .. sky 
. . · . . 
>Ma·Y.: · 15 .-_ Qverc·ast sky 
:May 
. •, 
29· ,• ·over.c~st sky·. 
. ·. Rain 
Ju~e' . · 26 I • ', Overcast. sky . 
. ' ' 
·Air •. -· 
Te~perature 
(~).' · 
'• 
J 
t; \;i ''-
..... 
.• 
l·.O · 
7 .·o· 
3 .·o ... ·.· · -
:...3,.'0 
~ . 
l.S 
8.0 
· wind* 
. Force 
- ~ ' 
F B." 
L B . 
M .. B . 
LA. 
L B · 
.· 
~ · 'L ' B 
.·. · M. ·B 
F B · 
M B · 
.3. 0 · F . B· 
6;5 L B I· ~ ..-
18.0 .G B 
-20.9 F . B ... 
', / 
' . , . 
oi~ection 
• .. : \ . 
' . 
w 
.' ;.W 
NW 
-·w 
W· 
w· 
NW 
w 
··· sw 
.· NNW 
sw . : 
w!>w . . 
. . 
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·. 
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I 
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. ·.!:: 
,, 
•· ' i 
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.. . 
l 
f) 
! 
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' . . 
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~ 
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~ 
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~ 
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.. 
.. 
.. 
.. 
~ 
,  
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•, 
. . . 0. 
' • I' ' 
, •. 
' . 
.J· 
' . . . ' . . *De~criptions basep cin Manual for · coding 
Oceano.graphic · Data on Cards . (19.60) •. 
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and Punching 
Weather ': 
Blue··· sky 
Fa~r 
-· ;clear or .hazy ·a:tmosphere 
few:· clouds; scattered sky 
Ma irtly c:l~udy· · 
Broken cl9uds 
Overcast sky 
Wind Force: 
l/2 sky overcast 
. . .
·3/'4' sky . overc~st . 
. . 
whole ·sky overcast 
. . " ,/ 
'. 
. . 
Knots.· approx. m/sec 
b--1 c · calm 
LA light air 
LB l~ght ·b.reeze 
GB gentle 
.• 
b~~eze 
~ moderate brE!eze 
;FB fresh breeze 
. .. 
·sB strong: breez.e 
. ·MG . moderate gale .. 
.· , 
: 
I ' 
· . . 
. •.· . ' 
' ~ . . 
I • ~ • • 
, 't. 
... 'b~ . . , 
1-3 
4.:.6 
7-10' 
11~16 
17-21· 
22-27 
. 
. 28-33•' 
... 
o .. oo- 0'.52 
. 0.52-' 1.55 
2.06..:·3.09 
3.61- 5'.15. 
5~67- 8.24 
8 .• 7'6-10. 82 
lL 33~13. 91 
I 
· ;1.4. 4'2-17., QO ; · 
..... 
' ,,
.. . 
. · . 
II 
,_. 
• 1 
'· 
l 
·' 
. .. 
·. 
·' 
' . 
; 
l 
'· 
·.· 
<. 
~~ 
~ ~· 
,,~ 
) 
' 
,. 
r~ ., 
'· 
•' 
' 
: 
.. ,. 
;. 
.. 
.. 
·. 
• . 
• • ·' 0 
' .. 
. . . 
I , ', 
4 ' ·, . 
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· Table s. · . ·.se~· condition~ during t«\'L· · ~ampli~g period.· 
: oate · 
1'972 . 
S~pt . .. 12 
· Sept·. ·-29 
. Oct. · 11 , 
Oct. ·24-
Nov. 23 
June' 27 , .•. 
July-· 10 · 
. . 
July _. 24, · 
: ·.Aug. 10 
. . 
•, 
· .. 
... ~· .. 
< 
sea state* . 
.. Slight 
Sligl}.t. 
Moderate 
: 
Cq.lll! - . ri:p~led 
. · . 
. smooth wavelet 
Sli~ht· , · 
.Moder~t.e 
.SmoQtl?: wa~elet 
./ 
, I 
.· . . 
\): 
I . 
sea S\:Jell 
- Mo.derate 
:··Moderate 
·Moder· ate 
. . 
:Moderat:e 
Slight 
~ode rate 
·.' Moder at·~ 
· MoP,erate 
·Moderate 
~-
.:. heavy 
... ··. 
t . 
... Slight - moderate · .Moderate heaVy . .. 
. · Smooth wavelet 
·smooth ·· wavelet 
' ' . 
· Moderate 
·: smooth·· waveiet. - · 
· . slight 
.. ' .. . 
··. 
.' . 
.. •' 
" . 
. .· .. 
. . .' ' 
. ' ' 
' • ' .... . 
Heavy · I 
. \ \ ' 
·: 
Nope·: 
Moderat'fi - heav}r 
. ' . 
. Moqerate 
.. Moderate·: .. 
. .. 
.; .. ~ .•. ·.' ' ........ · ... ·· .. ~ · :' 
... 
'• 
.. . 
. . 
.. ; . ~ . , .. · : . ' ' '.· . ' • I ,'; ' r ' 
.. , ',· ' '., I ', ' 
. . . . ~ ·:' .' 
,• . 
• • 1 ',I ' : :' ··,:· : : ,· :; . , . . . ,' 
. . 
.·. 
.... .. 
· .. 
· ' .. 
' ' • ' 
' . 
I ' • 
'; 
. ' 
~ -- · 
,· 
I , 
h' 
r• 
'" '· 
' 
., 
·. 
• 
' · 
'( 
... 
.. . 
'• 
··r: 
*Descriptions based. on· Manual !or Coding and Punching' 
. Oceanographic Data on· Cards .( 196Q) • · ~ 
Sea State: 
Calm glassy 
Calm rippied : 
Smooth wa:velet 
Slight 
Moderate ... 
Rough 
. V:ery. ro~gh 
'• 
. . . 
. · 
. . 
·•. 
. ''. 
. " ' 
. ' 
·, 
. . •. ·.: .. 
; .. 
.. 
< . ' ' ~ ; 
... . 
., 
f 
,l ,- ' I 
• . 
' · . 
I . 
·. 
I ~~ 
~-eight in m 
. q· 
o ~o~- 1 
0.1-0.5 
0. 5:!1..~ 
.1'. ·2- 2. 4 
2~4-4.p 
4.0- 6.1 
'· . 
',/ 
'' 
.. 
., 
·. 
\ .. 
.. ~ -
. •' 
.'· 
: .. 
.. 
.. ' 
•' ~ 'c. 
. ) .. 
r ~ 
· . .. : . : 
(' • I 
" ' . 
' ., , 
J:, . .... ' ~ ~: .• 
' . . ~ 
' . . 
l • ' ,:.-··: . 
\' '''• ., .. , I ' 
-: . ,·; c .r ,•"' 
' • 
.· 
' ' ' 
., 
... 
,. : ·. - .. 
. ·~ -~ - . 
.. : ~:~ 
-·~· 
'?' . .. 
J .. 
., 
.. 
' ,, 
( 
,' 
~ 
,. 
., 
.. 
' .' 
:' 
~-
' . 
I 
' 
-:· 
.... ·.: 
~ . 
,_ 
... 
; ..~. 
1.'-
t :;. 
~~· 
' I 
f 
~t: 
~-'- · 
. · ~ ~- · ~~?·· 
. ~ .. 
. . . ~ 
Table · 6 • 
. ·. , 
Date 
1972. 
Sept· •. 12 
Se~t. 29 
....- Oct • 11 
'• 
·Oct. ·. 24 
Nov .~·: 23 
. 
1973 
:. · : Jan~ 25 
Feb. ·6 
Mar .• 21 
May 0 '15 
' May · 29 . 
June 13 
June. 27 
.. . 
0 , • 
· July · -1.0 · ... 
• , 0 
. ~ . 
July') ~4 ' ' 
Aug.· 10 
·.· . 
·-
. ,. 
,. 
.. ·' 
.. , 
' . 
•', I "' . . 
. 0' 
. : ,. 
. -155~ 
, · 
, . 
Salinities 'd.uring .the' · s~rnpl inc,;t :r>eriod. 
.-·· 
0 0 0 
:" 
.. ' ·sa·1initie.s · _( 0 /oo) 
surface 
a 
' 3~ .. 5 -
_32 . 5 
. 31.4 
• I 
32.,9 
I 
32.8 
; 
30.~ 
0 . 33. 3. 
34~ .0 
~-
31.2 . 
, '-.. 
: 31.5 0 0 . , 
34.6 0 , 
o. ' t 
3.6. 3 
3~.1 
. .. . :' 
33.2 
... 
. 31~4 
'• 
' • l ' 
: '· ' 
) : 
, · .. · 
·.' 
I . • .;· 
' I " ·• 
0 • 
.. 
. o •• • ' ' ' ., 
\ 
Middepth . 
·-33. 5 . 
34.0 ° 
32.7 
32.9 
33. 5· 
. 35. 7 
33.3 
3'4. 0 
. ~3.8 
34 . 1 
34.6 
33.6 :. 
-35.1 
3 4 .5 
31 _,. '4 
. . . 
o , ' 
'· :.. 
' ~ .. 
. · . . 
: ,, . 
.. .... . · · .. ,.  
···, .. 
._ , . .. 
:' ·Bottom 
0 • • 
· . .. -35 . . 4' 
. -_ 34.5 · 
. ''. 34.6 ' 
._ .. , . 
.. · . 
, . 
36.3 
32.9 
,'3 4 . 0 
3s. 4. 
.: 36, 7 0 
·.: .38 ~ 5 
~ _37 ~ 6' 
. . 
3.6 ·~ . ' 
35.8 
J':r. 5 : ·.· 
.. 
. ··.· .. · 
' · . . 
: '; . 
I, I r • 
•. · 
. .. 
'·' 
-, 
~ :· 
.·, . 
..  
. '·. 
'.·~ .. 
\ f 
. . 
• . 
·' 
'I', 
I . 
0 ' 
~· 
~ .: 
I• 
·~. 
. ' 
· . 
• o 
'· 
'. 
., 
., 
: 
.APPENDIX II: 
. ' 
!t 
• . 
. . 
.· . 
' •• y 
.. 
., 
, . 
TOTAL BACTERIA COUNT DATA 
. • ' 
· ... , 
. . 
.. .. ,. 
.. • 
. ~ · · 
··' 
I 
·' ' 
..  .,. .. 
.' 
. .. 
. . 
• I ' '; 
.,. 
• 
.,. 
·, 
. ; .·. 
.• 
.. . 
. ,.·~ 
-< ~: ,· 
.. 
•'} 
.' 
·. 
'· 
:.(~ , . 
. ,. 
'l · • 
i}:_~ .I 
.. :~~: . . 
J'. 
\.-~ 
' "I . 
.; 
( 
... ,
., 
( 
~ . 
.. 
I . 
\ . ' . 
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Table. 1·. · Numbers of b~cteri.al · ·col~nies ~reduced · fr~m 
0.1 rnl u~diluted sea water after incubation 
at 20c ,.an.d SC*. · -
Date 
1972 
rf 
Sept. 12 
. . 
sept. 29 . 
·oct. 11 
~ 
Oct .. 24 
. ~ov, '23 
1973 
Jan;'·. 2~ 
Feb. 
I • 
Sample*~ 
.. S . 
~­
.B • 
s 
T , · 
B · 
s 
T 
B 
s 
~· 
B · 
. .. . 
. ·s . 
M' 
'·B 
s . •. 
M 
B · 
' ' ~ . .. 
·.· 
.. . ,. . 
' 
,• ' 
' . • 
: 
• I 
. . 
, I • ~ 
:: 
. ' 
·Incubation Temper~~ure 
(OC) 
20' 
Rep1ic·ate 
. 1 . 2 · 3 
.0 . 0 . o·. 
1 0· 0 
· 0 . 0 0 
0 .0 0 
,2 . 3 0 . 
3 0 0, 
·o ·o · o 
: 0 0 0 
0 0 o· 
.o 0 .· 0 
1 : ' 3 0 
3 1 0 
o· 0 .0 . 
2 1 0 
6 . . 1 Q. 
. , .. ~ 0 ·o 
·.' 0 0 o· 
. 1 · ·o 0 
. 
·0 0 0 
0 0 .. 0 
0 0 0 
. .. 
I' 'lf 
,. ' • 
5 . 
· ·Replicate 
.1 2 . 3 
. . 
.. 
' . 
1 o· 0 
0 o · ·o 
0 . o. o· 
1 .~ 0 
1 0 . . 0 
0 0 . 0· 
1 0 0 
' 2 1 0 
1 0 0 
0 0 -o· : 
o: 0 0 
0 .o 0 . 
3 :o " 0 
0 0 ·o·. 
1 1 ·o , 
.... 
'·. 
. 0 .'0. 0 . . . 
o o· . o 
o . o·. o · · 
· o .o ·.-o · 
0 . 0 0 
' ·0 : 0 Q ' , 
. '. 
'. I . • ' ) . 
. I 
!' 
. ~~ 
l 
' 
;' 
,;• 
• •!,. 
. . ~) 
" 
,, 
. ~· 
I 
.r 
-~ 
; 
., 
·.: ·. 
y I. 
.. , 
l 
:> 
~: .. 
.. . 
·. 
'. 
f e I • 
. .. 
.v 
• 
I ' 
,. : . " 
, ' I 
I 
. 
•• \,"1' 
: 
.. ' 
·Table 1 Continued. · 
. . 
Date ., 
r~t;~ 
Mar.· 2i. 
' - M~y I '15 
.. 
May 29 ' 
June. '13 
June · 27 
.. 
. 
.. 
.. 
Sample 
s 
.M 
B 
S ... 
·M. 
B . 
s 
_,., 
B 
;s 
T 
~ 
.. g 
. T 
. ·· . . . . . . , . B 
JuJ,.y .10· : 
.. July . ' i4 
A~g_. .10 . ··· 
. '>• s ' 
T . 
.· :e . ., 
.s 
T . 
. ·.B , 
. s· 
T 
,B 
~. 
. 
; ' ,I 
\ 
.:..158-
' 
.;. 
I 
Incub~tion Temperature_ 
. .' • ( oc) . . . I . 
20 5 
· Replicate Replicate . . 
1 . 2 . 3 1: ··. 2 3 .. 
. g· :g. ,g ,:·. 
o o .. o· 
0 · . 0 0 
'1'· ·0 a 
··a o .·a 
3 ~· 1' .. 
a .. 9 :a 
1 ·.··a .a 
' 3 0 a 
1 a a 
2 0 .' a 
1 . 1 a · 
a 0 0 
a 0 a 
a a· · o. 
·a 0 ' 0 
a 0 a· 
2. ' 3 .9 
1 ' 0 . a 
a ; 6. a 
a·· :o a 
2. 2· · o· 
. 1 a . 0 
, . .. 
, 
. . 
.. 
a ·o o 
3 0 .a 
. a ' o:: a . 
·O. o ·. ·a· 
0.. 0 .· a 
0 0 . . a· 
' 3' 1 a 
.. : 2 _ 0· a 
a 0 a 
. 3 ·. 1 a 
a 0 Q 
2 - 0 a 
a 0 a 
1 0 0 
1 0 a 
Q ·0 a 
· 1 1 a 
· .. . . 1 0 . o· 
·1 o ·o: 
·. 1 .· ·o. o · .. 
o. 0 a· . 
a 0 . a 
1 · 3 'a 
. 1 - 0 a 
. 
.. 
' · 
·.· " 
. ; .•. . . :A-Because of 'the 'to~ . :n~er~ .inv.~ived,·· th:~s~ : · counta . were . 
: !~~"' · •· . not . COrl".i'erted . to bacteria J?Br unit .· V01Um~ fo.r · each .. 
· . ·. sample. · · · · . 
. ~·s~p~e des.igncition·s ·: 
• • • f .. 
\ . ; . 
'I 
S · ·.surface· . 
M . ·Mid~epth · ... . 
T . Thermo91ipe 
: B .Bottom 
. ·. 
. ,' ' • , .. 
: . ' 
• '. 1 
· • 
' 
~ .· . • < ·~ . ·: 
' 
• . . ·. 
. , 
. ' 
. . . 
' • 
.. 
I • 
. • . 
. ' . 
,. 
· I 
. .. 
. .  
i 
)! 
~ 
~ 
~ 
~~ 
,. 
f-f 
• . 
·.· 
,,., 
~~~ 
·' ~~-
f l 
' !'' 
; ~ 
·,r 
~ .. 7 
. ~~ 
• C 
·. :7~! 
. ~~".; 
I ~,:~1 
l f!· 
·I 
i, 
., 
' 
I ' 
" I 
' 1 }, 
.. 
i 
l· 
i 
I ' 
I 
I · ~ ... '. 
'· . 
... 
.· 
,• I 
' .. 
. ' 
( . 
· Table ·2.· 
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.. .. . . : 
. ' . ~ . . 
•. 
... 
Calculation of total numhers of bacter:t,.~:~per . 
' lite~ ~£ _ plankton tow based on .total coio~y 
·. 
COUI).tS . on 'iBP-SWA a 'fter : i.n.cubation a't 2oc 
. · and sc. 
.. ·. 
Procedu'i.-e ·for c.onv~rting ·_ ri\ll1ll)er · of colo~ie~· per ·plate· · 
• I • ' ' o o I 
•to nUmber .of . bacteri'a per' ·li-t:~r of plankton tow: 
. . . . ~ . th~ . replic;:ate : p~·at~s , ~~ that .. di~ut~on ·pro~ucing 30-300 . 
.·colonies. · . '• ' 'I 
. I 
· " 
2. . -M~l t~ply ·.-av.er.age nUinlier _._.per>. plat~·. by th.e ,.appropriate 
. qilution factor to . get· number . of bacteria per ~1 qf \ 
. . ~ . . 
.· · .. 
sample~ 
. . . 
0 · 
. . . 3. Mul ~iply the :nuinber, per . ml of scm._ple· by the volume . 
of the ·.sample (expre~se'd ip m~) . to get total bacteria in 
. . 
· s_ample. 
.... . ; . ·. 
• ' - ,• I • 
4. Divide bacteria .in sample · _ (~1-).ich is · a conq~-~~ration . 
' . I ~ 
. ' 
.. . . ~f the tota.l volume ~f water . fi l tered through . the -pla'nkton . : . 
.: : ·. : 11et) ~ ~Y total vol~~ ·of -~~ter · . fiit~~ed ··(e~x~resse~ :.i·~ : ·.': · ·.·.'. ·, ·' 
• ' • • o o' o ~' o • .~ : 0 o • o ' I ' • ' ' ' • 
·. 
. ' 
., . 
.li~ers) . to get nuinber ~;f b~c.teria .i?er.: liter ·.qf .pl'ankton. 
0
' 
1
, 
1 0 • , 
0 
, • ~' , ' , I 
0 
I : • ' • ' b • •: 
. .. 
".' 
.· ·'· 
., 
. . 
. ,. 
\', ' 
'. · ' 
' . 
. . '·· 
' . 
1 / •• 
', . 
. . ; 
•' 
. .' ! ' 
. . ~. . . 
• • f ,, •• 
• ' . . ~ .. , . 
'··. 
'' 
. ' 
·. 
•,." : 
:. . . ' . 
• l . ' 
.·. 
" 
.'. 
. . .. ' .', 
·.. . .,, . ' 
. . ·. . \ 
. ' . ·~ . . .. . ~ 
• • • • · :. f •• 
•', , ' · ····:· i . • , ' · . 
. ' . ~. -. , .' ' 1 . • ~ • • ' • .,' ' I • 
~· t 
\ ' ' 
·, 
:~ . 
•, 
.·,· . 
"I . ' 
. . 
. , 
. .... 
.. 
I 
·oate Total . · 
ana ·Bacte-ria 
Sample*· per ml · 
l9i2 
sept •. 12 
·:s . · .- 6, ooo 
rf 2,140. 
B 12,000 
sept . .. 2·9 · 
·s · 19,333 . 
· T · · 3, 233 
B '21,333 
Oct. 11 
s ·· 
M. 
B 
11,533 
,4,:300· :. 
. 3,800 ·· . 
Oct. · 24 · .. 
s ' .. ·16 ; -167 . 
. T · 8, 167' . 
B .. · ... ·1'5·, 467 
Nov. 
s 
'11 
B 
1973 
23 
Jan • . 25 
s 
· " .'M. 
B·. 
· ~eb. . 6 
s . M .. 
B 
• . • b • 
- ~·'.·.: 
. . . ' 
. . . 
. i6, 677 . _', 
· f5~33~ ' 
7_, 900 
2, sao· 
4,30(>' 
. .. ~,_967 
l, 7 '63 
:3,533 
. 1:',433 . 
. ' 
' . 
· .• 
.. . 
I , , 
. . · ' . ,, 
.. 
. ' 
' '~ \ 
-;160-
20C .Count.s 
' • I, ' 
. . 
Volume 
of 
· Samp.le 
(ml) . 
~ 
so a.>. 
605 
590 
570 
-570 · 
5·20 
510 · 
.· 410: 
550 
. ,I . .• 
' 520 
'490 
560 
540 . 
~ 570 
:550 .. 
.5io 
~70 
. 5.20 
' 590 
.520 
. 580 
. 
· Total 
~acteria 
per . 
. Sample 
3,.000,000 
. l ~ 294 17.04 
·7_,019 ; 832 
11,019~810 . 
. . 1,, 842 .,·8.1'0 
11,093,160 
- . 
' 
.5,~8],,830 
1,763;00'0 . 
2,090~000 
8·,;_71,8 ', 84 o. 
. 4, 001, 8'32 ' 
·a.; 661'·, 52o 
1-, ~25 ,·ooo 
2, 4Sl, ooo · 
,· ·" l,-542 ~ .840 . 
•' . 
'II) ,· , 'o I 
l ' '0.4 0 , 1-; 2.:-
1 1.8·37 1160 
8~.1' 140 .. 
' , ' I ~ • 
' ': .. 1 • • 
Volume . 
· of · 
wat'er -
Fi1:tered 
(Liters) 
0: 
9~68 3,996 
-~- 256 
6, 364 
6 ',092 . 
· ·B, 260 
61268. 
5,456 
6,580 
·' . 
· ·Total 
Bc:tcteria ·.-
. per -· 
.:·Liter. · · 
/ 
·324 
315 
' l ,3)1· .. . 
1,732:·. 
. 302. 
1,343 
\ . 
.. 938 
.. 323· . 
. :3:18 
... 
' .. " 
7,400 
3,960: . 
a·, 04'4·. 
. .. 9 ., 064 
4., 9.28. 
~,864 
. ' ~ ,. 
.. ·9,364 
1 ~a·aa 
61564 . 
. ; -1 :,·172 
. l, 011 
i 1 07.7 
. . " 
'993 
.· r·, 774· ·. 
741·. ' . 
,; 
. J . 
. . . 
. 152 
311 
... 
235 . . · 
-5,12.4 .· ,203 . . . 
.. 3' , 356' . •' ' • . . . 5 47 
·6 2od · · · · 134 :· · I • . . . . . 
•I ~ • 
. . . 
. . 
.. •, 
... 
. . 
' 
. . 
' .. 
. . 
. ' . ' 
: ··. . 
. \ . . 
. ' - . . : . ~ 
' ~ . 
. . ' 
" . .. 
· .. 
. ·~ 
. . . I . I . · • . 
: \ 
· ....... . 
. .. .· .. 
. ' 
•. 
: 
. c 
! , 
.. 
.. 
~ .. 
. ·. 
, { 
'· . ! 
' ( 
.· ) 
. '·. 
',•. 
•• : • • 'o • 
• 0 ' • ~ • 
... ·: '.' i , · • • 
. ' ... 
.. ... • : · .. 
• .~: ' I I : ' • .' ' : : ·~ > ' .' ' ' ,- ', l o > ~' 
.,.. . .. 
· .. · ' . 
.. . 
: .. · 
') . ·. . ' ' ~ . .). . 
• > 
. .. . -~ 
'. - , 1 .·: 
.. 
·. ·-:.' 
' .~ ... ~ 
' to; · : 
· ·. 
.·. 
i · . 
. . 
:. ·: 
. . , 
._ I. I 
'. ~J ,>; 
'·. , 
·,.·. , .. 
: · .. ·~ 
"J ;-. . 
'I ~,'J 
·:: 
s' 
I 
.-
• , 
· . . 
. ' 
.. 
Tab1e'2 Continued· 
. . 
.. ' 
.. 
· Date ·Total: 
and .. · · Bacter-ia 
: · · .. · ~aJ!tp1e . per m1 . 
· . Mar.. 21 
s 1,193 . 
. M· 
' B 
·,. l 303 .. 
. 3,.800 
May 15 . 
s 170 
'M 110 
. 
-B . . 440 
~, ' May 24 . 
s 7, 26'/ · I 
' I 
M 4,500 
I ?. ' 9,933 
June !'~ . 
s . . .1,-087 
T .6,200 
B .7,167 
' June 24 
s. 
T 
B 
July· 10 
. . s 
T 
.. a ; . 
'.5;167 . 
. ·787 .· 
9~3~0 
. 1, 017 
. . 67·3 
2, 9QO. 
July .. 24 .. 
. s 
T · 
' . . 
, B J 
6'oo . 
,5,333· 
3,500 
··;.· 
Aug._ 
' . 
. 
... ·s 
. T 
·B 
., to • , I 
. ., 
1o:- · · 
,.· ,. '297 
1, 403 : 
8 , _600 . . 
' . 
Voilime 
. of .. 
· · Sample 
Cm1) 
. ·' 
· .. 
' I· / 
. 610 
61.0 
' - ~80 
550 
59.0 
600 
:1.65 
. '175'·. L · 28_o: : 
p' ...... . 
"\. 450 
'-·420 
' '400 
.: 
. ,. 
42'0. 
. '· 40'·(f · 
360 .. 
' 
·420 
~80. 
590 
" 
·340 
3.90 . 
520' 
400 
. ~so 
400 
.. -r-
' 
.;. 
~ ' .'. 
: - _161.-
:'rota1.· ., 
.Bacteria 
\ . ~ . 
· per -
sample .. ·. 
. . :72'7,·730 
184 ·, 8.30 
. 2;. 204 ·, 000 
. . . 
,-£'soo 
64·;. 900 
. 264,000 
·.1 ,199, 055 
~ - 787-,500 . 
2,781:;240 , 
p • ' •• 
.' 489,150 
'2, "604' , 000. 
2, 866, 8.0'0 . 
. . . 
. .. ·' 
.., 
·Volume 
of 
· Water · 
F'i1tered 
(Liter.S) 
10,340 .... 
3,612 ' 
. . 6·,·312 . 
:g;oe4 . ·' 
' .. 3 i 600' 
6,400 .. 
' • ' . 
8,000 
. 4., 0_00 
.·. 6,:~ .QO 
\·, 
' [4- ~ -320 () 
. 1, 012 
,IJ, 712 
. Total. . 
Bacteria 
· . per . ·.· 
-· Liter 
.· 
70, 
51 
349 ~ . ; . 
I . 
lD .· 
,,·· 18: .. · 
. 4i 
'· -· 
.- . 150 
197 
' '464: 
il3 ; 
. 2 ~ 573 .. 
' 772 · •' 
·., . 
.'2, 1.70; 140 .. .·4 1980 .' . / . 436 . 
. 318,800 . 
3,.348,000 ' :" 
.. ... .. . 
-sse/· · 359 , 2, ,~04' ' . ;t- _, 337 •' 
427,140 
·, 255,7.40 
1 _, 711.; 000 
· · 2o4,ooo 
2, 079,8.70 
1.,820,000 · 
. . ' 
. i, 11.6'. 
4i508 
9,1.20 
11,256 . 
6·,176 . 
10 ' 41.6 I. . , 
.. 
. ' . 
.. . 
' . 
. . 1i8,800 7,740' .. · 
.. 49l, 050 ,• ' .. 111,'264 .. 
3 ~ 440 ,-·OOQ . · .. -7,,208 : ~ 
. . . ~ 
. ~ .. 
. .. t 
I \ ' • I 
... ' • I 
' . 
-. 
'. '• . 
.. ' ., 
. . :: . 
. . 
' ' 
· 6o ·. 
/57 
.188 
18 . - . 
337 \- . 
: 1.75 
' 
. . 
. . 15 . . 
. . 44 ~ . ' 
477 . 
I • 
I ( " , 
', I ' 
., . 
'. 
-· 
.,. 
' 
'· . 
. .. 
. . 
. . 
·' 6 
< 
' ! 
~· 
' ,· 
·~ 
:· 
.. -
'"4 •• 
'. 
·~ ' I 
.:l · : 
' .. ... 
' . 
•' • I .'' 
. . 
.,. 
.. i 
·. 
. · Table 2,- c~ntinued ·· .. ·
·· .. · 
' .-
. ~-
·.·. 
.• 
. . 
To.tal · - ·Date ·.· 
· · · ··::and Bacte+ia 
-__ per ml : · _. ···sample 
.· .. 
. · '19?2 
.· sept.~!'~ . .._ 
. . :. S ' · -11 1 3 2 S . · 
T- . 
B ··. :_ 1·2:·; ~ 29· 
. . . . . 
. ~ : 
. . 
.. . · -162:.. 
.... 
· .. · 
. ·' 
: sc couri·ts . . 
; . 
Voluit\e ~ !rota-1. . 
. o£ ... · Bacteria ·: 
Sample ·. ·· per _ 
c~1 > · · . sam:Pie . . .. 
·' ~ ' . ·. ~ -
' ·,, 
· . 
. ' 
I , .... 
· ... 
. ,-
v 
· Voiume ~ 
of . . 'Total . . 
Water ~a9teri~ : 
.F i 1 t~;-ed· . . per: · 
(Li'ters) .:· . X.iter. · 
. :· . . . . . . .. 
. . . . 
. ' · 
_··soo· s1.662;74s. 9;268 · · 611 
. ·1 ~ 190,.809 : . . : ·3·; 996" ~ - .· . ·2.98 · 
sa·o:·· ·.'. · \ 7·,27 4., 3.04 .. . · . . · s; 256 ~. · .· ~ 1·,9s4..  ·· : 
. . .. ' . . · .. : . .· . 
·s~pt:: 29 ·' : r .. .. ·' •'£ 
·s · . ·. 1~,002 .: 
. . . · T . . 2, 672 
-.- . B . . 13 ·r2 9 5 · · 
.. ' , . 
s1o ' · · .. 6 .'941 ·· Joo -
. . I , I 
· 57~-. ' . . 1; 523.,000··. 
. 520· . ' . 6r9.13·1 620 · 
' I ' ' 
. · . ,· . ... 
. -~ 
. . 
.·,. 6:,364 : ; 
- .6;092 ... 
··:a, _260 ·· 
. ,, .. 
l i 0_75 
. .. 250-
, ·; ·937 
' . . · . 
Oct. · 2 4 : · · . ..1 • . • . • . 
·_ s · · 19,.22·6· .. - ·. J 6iO· .·· · 9,9.97-~400 .· · .· .. 7 ,4_oo :: 1'1351. ' 
· T. · 5,471 .- ·. · ': 49'0 . .2,:690 ',920 : - ~;.960' . ·. 677 . . ·. 
B, · - 1-~ ·,· 00~ · <. · _ · .. . .560.: · . ·_6,161,.70~: · ·: · 8,<;J44 - .. ·. ·· 766 · .. ·. 
.. 
.. . 
. -.. 
··-
• .. 
' · 
- . 
. ,, 
,_ 
. · .. 
.• 
. . : . . . . 
. ... 
' .. 
.· 
l ... • • • 
.. .. ·.'· : 
# • • · - . --: 
~ 
. r: 
. .. • !i 
. ., ·· · - ~ : . . . · . ; ·• ,_·: :::.-.-. .. : ... ·. - - . .· ., . . . · .' ~ •' 
. Nov• ·2·3· ·. · .. · · ··. , . .. .. ; ~· . · ·: ·:.·· ... · . 
. · . . . ·. · -: s ~ - ' · 1_2·,66~ ·. s4o-·, · ,_, 39 ,··23a, os6. • · g ·, p6~ 
· , M. :. 16,332 ·. , · . s1o .. . g,·3o·so,992 . 4,.92·a 
s 29 331 ·sso · 1·6 · 13i · 864 · ·· ·s.' 86'4 
. .l- : . . . .'. . ~ . . . ' : . ; . I 
• ' 4 1.329 : 0 I 
.; .·· ' 1 '889 - ... - . ·. · .. 
- . , . . . . 
. ~,751 . :. 
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'- · ... 
·'-- . 
Aeromonas · · · · A1ca1_igenes · :·.v_~· 
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. . . 
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·.s 
. -7 . 
1. 
. . 5 
.. ·~-.. 
'' 
. 
i 
..... . 
\Q ' 
w 
I 
.. ..: .. ,.-.. .:. · 
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" 3 ... ·. ·. 
. . ' . . . . . 
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. · . . T . 
. . B .. ; · . 
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Table 1 Continued. 
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Date 
and" .: 
· Sampl·e 
. ).97·3 
:Jan. 
s 
M· 
-~B 
-- ·. 
Feb. · 
s 
M 
25 
6 -
. . . , • B· 
.• 
\ Numi:,er·· 
· of 
· Isola;t;:es ' · 
Tested 
" 
20 
· 46 
31 
.· 
32 
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1. 37 
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·· .. · ( ·• ' Mar·. . 21· S SB 
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: t · ... · r 
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22 
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21 
46 
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of ' · 
-Pseuc1<?monad~ 
so -. a· 
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6L· 3· 
59 ". 4 . 
75.7 
62.5 
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• 61.6 
~ 69.7 
ql~4 
~ 77.3 . 
~. . 61. 8 
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.93. 9 
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. · i 
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·Table 1· Continued.· 
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Per.cejltage. 
of 
Pseu.dornonads ~ 
·, 
- :- 64.3 . . 
39.i 
.. 77 . ."i 
71._4· ·' 
5·s. 1 
70.0 
NUmber of 
_Pos.sible 
Pseudomonad_s 
per Liter 
43 
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-383 
'• . 
. - -
Number 
of 
' 
Pseudomonads 
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"· 
. ·. -~ 197? . 
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. ;. . , 
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. .. ..... 
.. 
29· 
27 
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• t ~ 
90. ·6 . 
72. 9~ . 
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•• # 
· - ,4. ....,.. • • -
- ~ 
201 .... 
'143 
505. 
o . 
~ -
~.. l 
· . - . :.: • • ~ ... - · \ .. • .t: • • • .... ' , • .r 
. . . 
. ' 
.. 
182-.-
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;._ . 
.. . 
·:.;,.. ! .. •::.: . • ~ ... - ~ ;-· -.- .,.... .... _ .. . ,... 
.. 
. .. 
. , . 
. 
. . .. 
. , . .. 
.. 
-~- ; : . 
:. ', 
. .. .. 
. . ·'.~ 
' ·. -~- ~ 
.- , - .. . 
' . 
' . ~ .. 
•• 'l - • 
. · . 
. . . -. 
·-' 
.· 
~ .. •• '1.., \"t • • 
: -~ 
·-
Date ·, 
and : 
Sample 
.. 
_Sept_ •. · 29 1 
. , . ·.·· S. 
.. . .. .T -
·, . B 
- =-. 
:.. -
Oct •. 11 
·s: . 
- ·~.· M. 
~ B 
oct. 24 
s 
T 
B 
. .. 
.. Nov. · 23· 
· .S 
M 
· B 
•• jo 
· . ·: 1.913 
·Ja.n . . · 2s 
. . ·s· . 
... 
· M 
B 
o' 
Number 
. _of 
· rsolates 
Tes.ted 
38 
24 -
33 
34 ' 
3~ 
32' 
.!' 
. ·Number . 
Identifi~d 
as 
. 
-~ 
·. Ps_eudomonads· 
. . 
~ 
~-
.. 
3'2- . 
21 
28 
35 
20 
26 
28 
- 17 
. 24 . 
2~ 
28 . 
27· 
24 
3·5 
28 
·. 
_!"; 
:~ ~=~=-: . : .•.. ·-
-------= 
-----· 
.. 
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·, :9 . 
.· .. 
... : .'• .. . .. 
'· I ·, :'• t 
...... . • "· ' .. ' . .'- · .. · ·-: .. · -. . . ,: ,; 
' • 0 • • • 
. ., . '.. . . . ~ 
0 I : 
:• . 
. -~ . 
' . : · 
If• ' -· ·. 
-~;:: ... ~ · . .. -· .: · -: -·. :· · ·  -· · _... .. :. : .- ··, .  -· . ... ~.~~}~-· -.. :- ~\~i~~M· 
. .-. . ~~;.~~('ll~,'(!'~~e~~)!:\J.1,~~,.~~=-:.-.-.... ~-,..•r<'?'~~~~4X'i·r·-.~ -· ~. ~ "'·--··· -'~ ·;;4 •. 
'· 
·, 
. I 
·. 
........ 
:• 
·. 
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Table 4 Continued. · 
' . 
H · :u ..:u =O=d 0 y c . 0 
. " 
H1 :u -u rlO 
. Y. c.-
t1. =O. 1·o·· · , 
Critical region_: 
• . ... 
. • 
T<-1. 782 and T ;.1 ~ 782* for surface, 
Middepth or 
Bottom -
samples. 
. . . 
. . ,\' 
\ 
'T-<-1.645. and T,.l.64.5 for ·-al1 samples. 
~ccept_ H0 in all cases. 
) . 
._ 
*T values from tntr'oduction t.o Statistics. (Walpole,. 1968) 
7 .. , 
• . ' 
, . 
·. ' 
.. : 
' •,·· 
.· 
. " 
~ .. •. 
.. .. 
'· 
, . 
.. 
: 
• ,o, 
.. .. , 
• .' ' 
. ~ . ' . :·.· 
. '. 
... 
. •, ·, . 
- .. 
. •' 
: . '• .. . ~· 
'' • . 
'• 
. • · · 
I ' o , 
' .· 
I ,',· ~ . ' 
·: .... 
·. ' 
'• ' 
' . 
. . 
• ' , : .: , , ' _ . • : . ~ • • (1 • ~ 
• , ' ' ~ • • 4 • • 
• · ' ; ' ' .... , 'c ~ , ·, " , • ~ ' ' • • • I ' 
o ' ' ' ' ~ { ; • ' ' ~ ~ ' ,' ! ' ' I 
• ' ' • ' 1 •• • '. ~ 
· .... . 
. j :·-· 
. . . . 
• .. ' • 
;, t 
. ) 
' I •, ' •, . 
·. ' 
.... , 
'i 
)I 
' .,
. ·~ 
·_ , 
.. -~ . 
~( . 
i •, 
' ' · 
\. 
• # - - · • • 
.. 
.. \ ' 
. . •' 
': .. 
. . 
I . 
.\:J 
.. 
.. 
l' · 
• I ~~ ' 
.. 
·. ~-; 
Table 5 .• 
pate 
. 1972 
Sept • . 12 
.. s:;.__ 
· Sept~ 29 . 
·oat·. 11 
oct~ · 2·4 
Nov • . ·23 
1973· 
Jan. 25 
·:Feb. 6 
Mar. · 21 
. ~ay· 1s 
· ~ay. 2-9 
June .. 13 
· June 27 
. July lO 
···, . 
. .. l97~i 
. ':.· 
' • 1 • 
•, 
•' 
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. , 
0 ·. ' • !.> ~- 1 ' 
Co~pariso!l of n"urnbers :of p_se;~dornonads with 
~ · . .. 
total bacter i .a. 
Number 
of' -.' 
-
. _.Bac.te.ria * . · 
A. 
324 . 
. 1 ·, 734 
. - . 
93B 
'1, 172. 
993· 
. . 152 . 
. ' 
.. ' 
-. 
Number 
of . · . 
PseudOmonads .. ~ · " 
, . 
133 
865· 
4-7.2 
722' . 
'-62's 
22 · . . 
. ) 
Percentage 
of · · . 
~-~udomo~ads . 
.41 
50 
50 
62 
. 63 
1.4 
, ~~;·· 
·. 
. I 
. ' 203 ·" . A3 ; 21 \ . 
. 70 
10 " 
436 
. 60 
. . 
.. ' 
. 53"" . 
1 · 
·l.3.4 . 
·, 20, 
. . 
. ··, 
.. . 
· Middepth ,sample's, 
• 0 • ' • • 
. ·.i -
~ . ,· 
76 
15 
·23 
31'.· 
33 · 
. ' 
•. · .·.\ . 
) . 
;- , . 
. ' .· 
. •' ·: 
~ · 
.I • • . ' . • ', ' I 
. ... .. ~:' 
·' 
. · 
... 
, .. 
. ··. . ··' ' 
·. A · . 
. ' 
-57 · . : . 
• · ! . ·: • . '• ~· 
<o .' • I > 01 o o 
. . 
, .• : : ', ,; . ' .. . 
• ' ·~ ' I ' ' ' 
. . ,• ... . " I • ; • ~ '' • : J ' 
. ,
. '· ·. '\:! . .. :: : ~ . · .. . ·"' .. 
. ,_.; • :. ; .:' I ~ ' ·,_. , .. \ • > o I, ·',, i', • ;,': t . ' 
' ' , I ~ ~ ' ', ·' j ) ' ' I • I • ' \ 
P; , .: •' ~ ~ · .~.· . .;:·.~ ... .. ,, t.. 1, • • • • • • • '' : 1 .. ' .... ·' 
~. ' . ~ : . : ) . 
- ~ ' ,· .. . :! 1 , • 
t • • • 
. . · .. ' • 
: . ' 
j 
,f, 
. ~~ 
.·' ,.
l 
' 1 .. 
' 
' 
•• 
•' 
' l , . 
j 
·¢ 
·, 
.'i 
. : •.'I, 
:~ 
. .. ·. 
. .. : :~ 
, .. 
;.~ · 
. ' J .. 
1 
·i . ;, 
~ 
J' 
~ 
' ' :f 
I • 
' j • • 
i. 
i 
' 
•\ . 
.. 1 • • ~ 
0 
.. ... 
I ' 
.:.a1 a-
"·" 
' 
· ' 
· ' 
'* Taple· 5 Conti.nued·. . . 
. '\ 
. , 
Date 
Sept. 29"':" . 
Oct.· 11 
oct. 24 *~ 
NQV. 23, 
1973' . 
• > . 
·_Jan_. 25 ·: 
Feb. 
Mar. 
15 
- · ~ay· 29 
June 13** l 
. 
June. · . 27 if* .. " 
.. · . 
July · ~o~.·· ' 
. ~972 
Sep't • . 12 
.. Sept. 2, 
. . 
.. 
·· · .Oct-• 1~ 
. .. 
-. ·. ~ . ,.: . 
: ~ . ' . . \ ·,. ·, 
.. 
' . 
. .. ' ~. . . . 
.. 
oct·. 24 .0 
Nov.··· 2.3 
· .. .. ' 
· ~ . . ' . . 
' : 
. .. . ' . 
Number 
; · of .:: _ . 
aacteria*' . . 
302 . . 
f 323 
·1 I Oll 
1,774 
311 
547 
. . 
51· 
18 
197' 
21573 
35.9. 
57 
' l ·. '. 
'· Number 
, . of 
Pseudomonads 
113 
1,16 ·. 
• I 
190 
1 1 0'i3 · 
258 .. . 
17. 
,' 
. . ' 
9 
0 
' 104 . 
.. 12. 
·· . ~ 
. C. · B~ttom sample_s . 
. 1, 347 
. 1, 343 
31~ .' 
1, 07} . 
,741 
o I • • 
• 6; 
.· 
·' 
553 ' 
:s2s 
.. . ·, ~4 
";,ll',.·~.. • 
36s·· · 
•342 .. • 
.··. 
' I ~ 
.. 
. .. 
. \ 
. , 
· ' 
~ , . ·' 
' ~ \ 
. ' .. -' . 
. •, 
Percentage· 
of 
.P s.eudomonads 
' . 
,. 
-3.7 . 
36 ' 
l9 
. 57 
.· ; 
. · . 
. . 12 · .. 
.47 
33. 
50 
• . I 
: . 
41· 
.. 
.. f "· 
39 . 
. . 
34. 
. ~ . 
.· 46 
·, .. 
. .. 
I ' I " 
' ' 
I , ; . .. 
'· :, . \ 
. . 
I• 
. ' 
~ ', !" . • • • 
~ • ' ~ • ' ••• • • • t 
. .... . ' . 
. . " . .. ~ 
• 0 • 
... 
•: ', I 
'· '· 
I - : o ': 
'' I ': ' :I • o } ' ·~ • 
. · .. -· 
0 , 
0 
I ' 0 0 ..,.• .. 
0 j 
0 
I 
0 
~ ! ' r 
o ,' ' ' 0 o' • o I~ I <, - . < ,/ ,' I ' ' ' ' ~ .. I \ 0 
I , , ' I , , • ' ,', I ' t 
1
• I J \
1 0 0 
I ,' •r' ) I : I ' , 0 0 f • 
'. ,: '~ ~ -' '• I :\• ' : ·:' .:- , • ' ,:, • ' ' • • } , •' ! ·,': ·' • '.·:··,, • 
t ' ' ,~ • • ' •,' ' .._ . • ' t ' • • • I ' 
.. \. ' : ... ·~ ...... ':I :;.: ... 
, . 
/.',J:; ':;: .. 1::::~.:~:;. ·.\ .:·: 
.·. • , ·'• 
. ,., ...... : 
• ~-L' 
i 
., 
' ~\ 
! 
l . 
• .. 
:0 
. ) 
, { , ' 
. ~: 
.. 
~~·· 
. (. 
,l· 
. · 
.. 
J1" ~ • 
·, .. 
l.i 
.. ,., 
,, 
"t 
l 
,; 
'I 
., 
' r 
i 
', 
·'····· ' 
. '"' 
>' ' 
- . .' .·, 
:to -.\ • • 
-~r · • ,. 
. ' . ..., ~ 
~ •.; 
'"' 
. 
' 
.... ,, , · 
.. 
·., . ~-
:• -
Table 
Jan. 
Feb. 
!' 
Mar. 
~ay 
May 
, . ... . 
.· ..·· .. 
.. •; ·' 
5 ·continued. 
.• 
25 
6 
21 
'15 
29 ' I 
NumJ::>er 
· ·.of 
Bacteria* 
'.235 
134 
· 3.49 
464 
-ll2-
. · .. 
Number 
·. of -
... .. 
P·s eudomonad.s 
47 
' 
-is : 
'•126. 
6 
: lOB .· 
June . ~3 '· ... 
June · 17~ 
_ , 
July -· l,O 
~ . 
· .. ·. 7:'/2 ' 
1',337. 
188 
· . . 
'I' : 
·:J 
. 4.J 
' ' 
. .. . . ' 
Percentage 
·of · . 
Ps~udomonads 
20 
13 
36 
15. 
23 
38~ 
,· 
26 
:. · ~ ... 
•• Tot;al•bac.teria1 numbef~ for : .;July ~ 24 and Augu~t 10 
.ar~ ·~~ven in -'·Table :3, . A~pendix · IV · 
•••• Thermocline Samples .. .. ,., 
' ' 
. •'•, ' 
.... 
"' . 
·. ' \ 
·. · ~ .·., 
. ' . 
. · 
' ' \ •' 
.~-' .: .. · \: 
. . : . . 
o ~ o .. 1 : • ~I: o 
~' • .•• • • • }!. 
. . . . . .. . . . 
. . ,: 
·.· 
. '. 
' \. .... : , ... ·.· ·, 
'· · 
• • c. • 
.. ·, ' 
... 
. ...... 
.. . 
' . 
.. ·.•<t, . 
·, , ·_ 
.· 
· ... 
. ·q. 
' . , . 
. ' ' . 
· .... 
'. 
I , t o • ~ J o ; I 
.. . , . , .· . . .. , . . •'," , 
: :~ ) •t o \ .,•
1 
\··~ ,,.'~· · • •• , ·, . - : ." , •'" -.· \ \ '• 
.· 
. : 
. ' 
• ' I 0 !' .' ,', :/·~·· ' 
',· I .. : ', ·._ , ' '"' '•:"1;',.:':'•,,; :.,, :·' 
. ··, . · · 
.. ~. :• _: 
, . . .. 
~-. ' ~ -· .. ' 
·-.;· 
·~ ·. 
· . 
' ' 
\ 
•.' . 
. . . 
' ~ . . . 
., .:., ,' i-' : I 
,.··,:. ·; __ :.,. '' 
• I ,, t, ' ', ~ 1 ~ • 
: . • .. 
..... 
' 
\ 
• ' 
: t - . 
. 
.'· 
•' 
. ' 
,·, ··: 
·-· . ~ :, .
t 
i. 
' ,, 
. !., 
-~· 
f 
··~ 
;'j 
-:. 
!··' 
._, 
., 
".'; 
!., 
f. 
,. 
/ " 
~ ~ • '' , I 
. ' 
.. 
. . 
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Table 6. . Co'hlpa.risons ." of numbers of. p~eudomonads 
\ in ·plankton .. tow · sam)?les from · different 
4 • • (/> 
depths .12ased ~n counts ·on both YBP-SWA . 
) 
and cet"rimidf1 agar· , ' . ' 
A. .surface a11d' . ,Middepth . (YBP-isw~ c.punts.) : · 
.. ' 
Surface 
counts 
133 
865 ' ' 
472 
1 ·22 
625 
22 
,. 
43 
53 
l 
23 : ! 
26 
134 
20 
. 
Middepth 
Counts · 
. ' 
179 
113' . 
1l6, . . 
190 
l,Q13 
36 
258 
17 
9 
35 
2,81 
·104 
12 . . 
.. 
. :.Difference 
d." 
, J; 
.... 46 . 
1si· 
356 ' 
532 
-388 
~ 14 
.-2·15 
. '\ ' . 36 ' · ~ 
8 . 
- 12 
·, -2·55 
~. ' 30 
a. 
' . 
' . ' 
' •) 
B •. Middepth .an.d. Bott·orn ~YBP-SWA . count~) 
Midd~pth 
.coun.ts· · 
Bottom 
. ' 
. counts 
... ' ' 
. . • 
.179. . '' '·553 
113 · .. •. .. , '."525 '. 
' 116 . , :.;· ; .44 
' • • • r • • 
. Difference 
·, 'd 
.·, ' i ·. 
,, ' . 
" ' ; 
-374 , . 
. · -412 ·, .· 
. ' .72 ' ,· . 
•' ;j 
i 
. . . 
d ·i · · . 
i 
2,116 . 
.5&5 ' 50 '4 ' ·. 
.126,736 '. 
:. 283.,024 
:150 ,544·· 
. ,. 
·'• ·· . . 196 
46 ,2·25·. 
. ·1 ,296 
' 64 
' l4'l1 
65,025 
· 9oo 
' .6~ 
., 
.139 ,·876 
' 1.69, 74.4 
,;. 5 184 
' . 
~ · 
' .• 
·.· . 
,' 
. ' 
190. .· 369 
1 ,·0 ,13 ' 342 ' 
'r ' ' . ' 
' • 178 , . . . ' 31,684 . ' 
··. 4so.,ZA1 
121 
5.7 ,6,· 0 
36 .. . . ' ~7 · . · ·.:. 
258 : ia · . .. · . 
. ·17 .. . ' . . '. ' ·. · 126· . 
.,. 9 •J • , ·. • • • ,. 6 " . 
~35 . ,• "108 
i 
'· . 
. . . .. . 
. .. 
. ' ·:  .. . ' . . 
. ' . 
•.. · . ., 
: . ' . p ' ~ .... ... ' - . 
' t .· ' 
': , . 
• · ' f, 
"" •• ~ 1,, . •• 
. . ·'., . . 
' .671 \ 
- •11 
· ·. -' z'4o ., 
' - !"09' · . 
.· 
. ' . 
. 'j' 
~ "7·3 • . 
: i1·~a ·1 
" ' 9 ... . . . •• . . ~ 9 
.. : '' :5,32 
~ . . .' . . 
, ' < . 1 
.. ' ' • 
I· • ' ' • ' . 
. ., ·. ' •' ' 
., ' 
:· · ·:~ .... 1··. ' . .. : ·. - ~ .,_\ · ~.,. ~ -··.· 
'· '"' . , .. ~·~ ; / .... 
' · .. 
.: ~ .~ 
·' . . ' 
\ .. , 
'' 
. ' . 
. ·,• - . 
~ ' I ' ' ' · :, .. :t 
I 
" . 
' . 
I' 
' . 
· .. 
, • ' 
' ' II 
:. 
. . . 
I '. 
.. . . . 
\ ·.• 
. . ~
. ' • 
.. . ' • 
. . • . 
: -· . ' : f .. ' 
.. ... . 
Tabl.e 6 Continu~!i. 
• • 1 
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. : ,l ' - · '. 
.· .. 
, '. ~ 
·. 
. ·' ... 
Middep1;.h· . 
-Counts···. 
. Botto~ 
Counts ... 
DHferenc~ 
'·a. 4· 
. ;i 
2 ... . 
d., .. _, 
l .. ·, . 
\ . 
\ . 
· 28i 
104 
i'2 
'29:S 
423 
. 49 
.. 
, I 
·._. ·, '· : . 
- 14 ·.: .. .. 
'•-"·<'' -319 .... 
..; 37 
., . 
. ---:-:--.. 
: J 
. . 
c .. Surface ~nd. Bottof!l. (YBP-SWA count~) · · 
t . . 6 
Surl!face 
Cou_n·t:s 
~~ -
\ ~72:· 
722 
625· 
22 
. 4 -3 
53 
. 1 ... 
2'3 . ,. 
·26 
i'34 . . 't 
:io · 
-lJottoin 
Counts. 
. . ~ ,. 
, • 
.. 
.. .........., 
•• 
., 
. . 
., . 
"' ' .. 
553-. ·~ ·' 
··. 525 .. 
44 
36_8 
. 34~ : · 
. 47: l . 
r8 . 
126 . •") 
6 . • 
108 
.295 ·~ . 
423 .· 
_49 
' . 
-,. ... 
Difference 
.a:; 
l.' 
.~...·· 
- ·440' ' 
340 .. 
428 . 
-354 . . 
; ' . 4'83' 
·- 25 ... 
-25 
· - o 73 
..: . 5 
- · as· 
·-'269 
... ·2 '89 . . 
- . 29 · 
-·.  . 
. .. 
I 
·. 
· .
.• 
\ . . . . . ... . . ~ : . . . ·, . 
' 
' . 
196 
101,"761 
1,369' 
. ' 
193,.600· 
liS,G-00 
183,184 
125,316 
80 ;089 
62$ 
62'5 
·. '5,329 . 
•' ,.25 . 
.., ,225 
72;361 .. 
83,521-
.·. a·41 
. . D. surface and 'Middepth .(cetrimide .agar . counts): . 
. •' 
: t • ' • ~ ' ' . , ' • I• ' ' ' • • • 
Surface 
Count's 
182 '.-
~90 
575 . 
650' 
'-.175 .. . 
' ' . 
2j 
62 . 
48 
" • • • '.1. 
. . . 
. · . Mifl.depth 
. Counts · 
. 104 .·· 
•; • • , --1 35: . . 
' 96.' 
138 . 
80·i . • 
69 .:· 
·_n ~ . -
' .. · . . -i4·: 
' w 
•• b • • 
. •' V • ' ' ; . , 
' . ~ · 
. . . 
.- ·: Piff~re~ce .­
.. -.. -_ cii· 
. . . 
78 
355 
479 
5.12 
' .. :-:-6 25 
.· .... 
'< . 
:\ . , I , :.:.•l .-4·6. 
· · : - - lO 
.· . ·2'4··· .. ·. 
·' 
... 
. . ' 
. .. ·, ·. 
' a • 
. .. ~ ... 
: ~ .. 
• • I o 0 0 ' 
'o ' • • ' o ,. \ .' '• • o < ' ' ; '· .. •~ ' ,', I I "'o ' ! ' ,• 
. ,. 
.. : 2 
d. . 
. 1 
'6 ·,084 
-· ·12·6 1 Q 2·5 .. 
229_, 441 
_ 262 , ~44 : 
_. 390 ' 625' I . . 
2; 13..6 
_.-. :1.o.o·: 
. .•:. 576 
... 
\, .. ... . . 
1•, • • , .. 
. . ' : ~ . .. 
. ... .. . ·, . .. _': . : .'·.-.· :. ·.-,:,;. .. : ; _::.> .. ·.· . ~ . . ' ' ·• •• •' • , j ' · . .. . . 
. ~: · ... -~ ·.::. : .· ~:;~' 
I .. ' . • ' , . \ •:! • " •: ',: ' ':: ' :~• ::: . ·~ ' •, ' 'I< ... ' .' t r.l:.' ' •.' 1 ."' 
.... 
~ \ 
.. 
.. '"""" 
., 
. ' . 
' •' 
.. 
I ' 
... 
. . ... . 
•'; . 
· i' 
. ·. 
I 
.. ' 
·:· 
· '.! 
. -:~ 
.. 
: ' . 
;·~··-':: 
. : :·' 
..·, .. 
t \ · . .. 
. . 
.. 
~ . . 
:-~ ' . 
' I: 
-\ ;. 
. .. 
· .. · 
·.l'.t ~ 
, . 
< •. 
., 
~.: , 
.. r ' ~ 
.. 
·:· \ 
:~ .. . · 
' 
.. 
., 
•.!! •• ·-, ._ 
-~' - '- . ~-~ . 
.. 
.. .  .. . ~ . ,., 
1; ' o, 
)' 
1. 
\ • . 
. ··--. 
. ' 
. ' 
' . 
·'· 
Surface 
··co~n:ts ,. 
' . 
1. ., 
42 : .· 
37 
61 
1'7 •' ' 
Midd~p.th ' 
~ounts• 
' 7' 
48 . 
705 
-71· 
19 
'"\ 
' • 
-215-· . ': 
Diffe-rence 2· . 
,. • : d . d ' ~ l. . i 
6 ' 36 
6 .. . . 36 
"'66.8· 446,224 
10 100 
2· . 4 . 
. 
E·. Middepth and Bott-om (Cet'riinide aga_r count's) 
Midd~pt~ · Bottom· ·. Diff_erence 
. d. 2 >-Counts Counts d . . ' 
l. . . ~
. . 
.. 
.. 
.. 
104 455 . -351 1:23 ,2oi 
35 4l4 ..:399 159,201 \ ' 9 '6 67 ·'" .. . 29 a41 . ,. 
-138 . . 338 ( -200 •. , 40 ,oo·o ; \, I \ .. .. .., 
801 686 \if lis. . 1~,225 \ 69. "31.. 
: 
\o . ~ 38 . 1,444 
72 .43 · .. 29 8'41 
24 230 •·<lr.,l 0~ p ' -206 . 42 , '436 I 
7 ·.21 ·- 14 196 ... 
48 142 
-
94 -8,6336 
705 ·273 . ... 4~2 . '186,6'24 " 
71 · 336 ' . -265 70,225 
. ·' 19.- '. 21 · ~ -4. 
' ' 
. . 
. ' 
.· --
. , 
F. . Sur-face and Bottom jCetri.mide ~gar . · counts) . 
· surface 
Counts'. 
' \ I, • 
.Bottom . 
'Co~nts ... 
Differenc~ . · 
'd·.· .. 
l. ' 
'\ 
. .. 
. 2 .. 
d. 
l 
. ·. -------~--~--~--------~~--~------~--~~------~~ 
182 ' . . 
. , " 390 
575 · . . · 
650 
' ' 175 · '~:3 
·· ' · . .. ,• 
. . . . 
. . 
... 
,. 
. ·4ss 
' . · · .·4j4 .. 
' ' . 67 ', j3a.· 
686 '· .· 
31 ·. 
. ·- ..  
•• t • • • 
. . 
. ' 
.::27 3 
- .44· .. : . 
· ·so·a·: 
-:·· .· . 312 ·. ·. 
":' -511 " .. 
.. .. ·· a 
. · , 
' . . .... :~ .. 
t . • • 
· 74',529 ... . ' . 
•' ·1,936 ... . . 
··.iss 064 · :. 
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* .A ·Pa~m.er· ·.Sli~e, ho,lding ·a _vblume of. 0.1 ml, was used to 
obtain the qua~ti tative · p~ankton ·da.ta. .Using a l -6X: 
objective and . a wide· angle .· 12 .• SX eyepi_ece·, · t _here we_re 
838. 3 microscope fields ·on the slide·. At le~st · .60 fi~lds_ 
on · 3 slides . were :examined for each ·sample·, and the numberf'> 
.o~ . ~lanktpn orgatiisms ' ±n . ea~h field noted. · Fi6m. f~~se : 
.'\_ .figures, the numbers of plankton organism's . in the' 'original 
. "" . ·~amples· w~re calcu;ta~e~. . · · ' 
•, 
: . ~~a'he . qua~ita·t-~v.e pl~nkt~n da~a . are·. ~ased ·on' the' identif;ipation· 
. ~s'chern~f}' _given in Brunel (1962)·, ·cupp · (1943) ~ Hendey · (1964) · · . • · . . · 
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·Table .·2. ·' Phytop1anJ<ton species composition .per liter· 
of plankton tow samples •. 
... 
Date 
and . . . . . 
Type of . Phytoplankton 
S~pt . 
Diatoms~ . 
Thalassiothrix sp. ;- . ·:- i . . : . . 
Oinoflag~11ates: 
· o 
Cerat·ium arcticurn 
c . . · fusus 
c~ iongipes · · · / · 
Ceratiurn s·p. . 
P~ridiniurn· depressurn·. 
Sep~. 29 
Diatoins: ... " 
. . 
Chaetoceros atlanticus 
Lept<?cy lindrus sp. ·· 
Licmophora sp~ 
. Ni~zschii\·. sp. · 
binofl~gel1ates: 
Ce~~tiurn . lo~gipes 
c.·· £usus .. - .. 
Cerattuni sp • . ·. · . . 
· PeridiniUm depr~ssurn 
P. · p~1lucidum · : · . _·:·.-: 
d 
.. . oat· ..- .. 11 
.· . . 
nlatorns·:·· .: . . . . · 
.. · , f M 0 
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'. 
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1 :O* 
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. ·-
'2. ' '. 0 
2 . ·o 
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Tap1e .2 Continued. 
Date 
and ' · • 
Typ.e : of Phytop1ankton 
Nitzschia sp. 
Rhi zoso 1enia· 
· stylifo+mis 
'~ha1assol).erna· 
. n.:i. tzschioides 
Dinof1ag~11ate~: 
I 
.Ceratium. arcticurn 
c·. · £usus :.· . . 
c. longfpes . . ·. · 
Ce;ratium sp. 
. Peridinium· coni'curn 
· 1 ·.p. depress urn · PC?!~~di~ium sp. · 
· Oct.'· · 24 
' ·Diatoms: 
• Licrnophor~ sp ·~ 
Rhizosol.enia . ~ebetata ·. 
Dinoflagelia~es: . 
cerat;i.um:-arc tiqurn 
c .- fusus. ' 
· .
. ~ 
c·: .... longipes .. - :. <· · · 
. .-ce~atium sp·. · · · ; . . .. 
· . Per~di~iurn . dep,ress~m1 . . ' . P. pellucidum . - .. 
· · PeJ;idi hium -sp. 
·Phalacronia .. 
rqtun:da ~um . • 
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. ·, 
-. · . 
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' . 
. ' -226-. 
. ·-
S'\.)rfa_ce Middepth ~ottom 
... 
·o 
0 
. -7 
3 
42 
1 
0 
1 
0 
0 
0 
0 
. 2 
'21 . • 
. 2 
0 
0.· 
0 
·. 0 
·, 
t l ' : • .' ·~ 
, :--. . " 
. . ~ 
.-
I ' 
·· .. 
' . . . ' .•, -· .. 
' , ... ' . 
' ·~ · ~: . . 
0 l 
. o. 
-1 
0 0 
0 1 
15 15 
0 0 
2' .. o 
1 12 
1 1 
·o·. . ... ·. ·. ·. 1 
'• 
. . . 
·~n : 
.· ' 
...._ 
,, 
' . . 
' 1 f 
0 
•> 1 ·~• . .. .. 
·' 
'.· ) ; . _:.~ . :. :: ~ .. ·.' ' 
. .. •, 
• • • .. j .~ • ; - '· - I ~ • 
. . 
... 
'' 
. . . ~ 
,• 
_,.,· 
/! 
·" ~ .. -
.. ~ 
f 
., 
'· I 
' • 
~ .. 
. 
· ~· 
~ ' t • I 
, '1 . 
j ,, . ~ .... 
r~I<.O 
.' 
... 
:. :' 
; .~. . . 
&.: 
._, ,, . 
'.i' ' 
:\: 1.' .. 
.. 
', . 
· ... ·' 
... 
. ; 
!· 
. . . , 
. . \ 
---~ -· 
t • • ~ 
:,· 
. ,. 
., 
.. 
Table · ~ Co.~tinued . . 
. Date 
. ·· and. · 
Type ,of Phytoplankton 
. ' No:v. 23 · 
•J 
· ~22 7- . . ' • 
. . 
."1 
Surface idde~th . Bot~~ 0 
Diatoms: . ./ 
·, · Cha.etoceros brevis 
C. convoluturri 
c. debi1i's · · · 
c. d.ecipiens : ' 
Chaetocerus sp. : 
Grarnmatpphora 'sp. · 
Leptocxlin4rq& danicu~· 
Licmophora sp. 
Nitz'sch'ia seriata: : · 
Pleurosigma sp. · · :. .' . 
Rhizosotenia's:t,yliformis 
. Rhizosolenia ~P­
synedra sp. · . 
Thalassip:th~i~ . . 
frauenfeldii · . " 
Thalas.s·orre.nla · 
· ni tzschi'oides 
Unlcnown penrl·a:tes 
. . . 
·.oinoflag_ellates: 
·ceratiuni arc'ticu~ 
C.. fUS'\lS ; \ 
c. longipes :-
ceratium sp. 
· ·Peridinium depressurn 
P • . pelJucidum · · . . 
Peridinium sp-. 
.Si'licoflagel1ates: 
~~st~p~~~us speculum' 
....-> .... 
· Jan. 25 ,· , , 
Diatoms:· 
\ . 
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·' 
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' Date 
and 
· TY.P.e o_f P_hy.toplankton . 
.c. debilis.· . 
• l C. decip1ens 
. chaetoperos sp. 
Coscinodiscus 
· centralia 
· · Coscinodiscus sp • . 
. 'Licmophora sp. 
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Table 2 Continued. · 
.· 
Date· 
and . . 
'Type of P~ytop1ankton 
Fragilaria sp. 
Leptocylindrus 
· · danicus. 
Licmophor'a' sp •· 
Navicula sp·. . · · · 
Ni~z~6hi~ . longissim~ 
N. seriata· · 
· ~i tzsphi'a sp ~ : . . . 
Rhizos61enia nebetata 
R. styliforrnis· 
Skeletonema costatum 
Stauroneis sp. 
Thalassiothrix 
delica:tuia· 
. Thalassonema 
. nitzschioides 
ceratium. ·~rctic~ 
· ; c. longipes · ~·. 
,, 
Ceratium s.~· . 
Peridinium conicum 
P .. depressum . . 
P • . pe1luc.idurn · 
Peridi_nium: sp. 
S'il1cofl~gella:tes: .. 
\ 
. 
. \ 
. Distephanus sp\:!culum._ · 
Mar. . 21 
· · Dia·totns: · . 
· .·~id.ciu1phia· 'sp· •. . ·.· . , .. 
··, chaetoc~ros< aff ini s 
c ~ atla·riticus 
_, .. c · • . compr essus . 
. . . ·.c. convo1utum . ·.' 
·. · C. · de)?i1is, 1 • • • • 
.·'. 
. ·. \ 
.. 
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' 
. ' 
Surface. 
·o. 
.9 
',· 2: 
·o 
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. . . 8 •. 
' . ' ·· 2 . . 
. . ,-
·. 
. :o· 
1 
0 
1 
6 
: 2 
5 
. 5 • 
Q 
1 
0 
. ... ··0 
12 
1. 0 . 
. ' 146 . 
... : . 0 . 
··: . .. o. 
. ' 487 
0 
Mid~epth · · 
24 
0 
5 
.0 
.0 
' 0 . . . ~ 
. 2 ·. : •. 
. - 1 . 
. '' 
' 
·. · 0 
-:0 
0 . 
0 
2 
12 
' 0 
s · 
2 
·2 
·2 
0 , .. 
} . _,· 
. ' 
. . . . \_ 
. ·. 
.. . 65 . 
0 . : . 
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.. 
0 
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.1 
1 
0 
o· 
3 
·o . 
·a·· ,. 
1 
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. 0 . . 
1 
2 
3 
1 
0 
. 0 
.. 0 
": 
3,: 
, .. 
. ;,. 0 · .. . : 
· 2t>o .. · .. 
845 . . . 
. ·o 
. ~2 
10.4 
. ,Q 
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. . . 
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. ·, , . . 
.. 
~ . . -. 
; -· 
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· Table 2 continu.ed • . 
. . 
·Date 
and 
Type· ·o£ ·phytoplankton 
c. decipi_ens 
0 C. socia1e 
Ch!;ietoceros sp. 
Coscinodiscus . sp. 
. Fragilaria sp. 
.. 
Licmophora sp. 
·Iifavicula· sp •· 
· ·.Rhizoso1enia hebe~ata 
· ·R:. sty1iformis 
· .. Skelert;.onema · co~;~tatuni . 
· Tharassiosira . 
· aesti:val{s .. 
T ~ .·,grav·ida · 
T.. nc:>idenskioldii 
·· · .T. rotula · 
Thalasaiosira sp. 
r:rhalassonema 
nit~schioides 
Dino'flagella~s; 
.. 
.Ceratium sp ~ ·. 
Peridinium .conicum .. 
P. dep'ressum . · 
·"' 
· Peridinium sp. 
· ! .. • . . . ·• ' 
Silicoflagellates:( : · 
-oi·stepharius specul~. · 
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. ·Surface 
" 
276 
0 
568 
·16 
519 . 
.· 0 
16 
' 195 
81 
406 
. .. 
. . 8-11 
243 ' ' 
16. 
97 
1, 509. · . . 
·. '. 130 
.. 
0 
16 . 
0. 
0 
-· 
··, 341 
... 
Middepth. · 
:o 
4,550 
2; 9'25 
.o 
130 , 
23 .. 
0 . . 
·. 423 
0 " . 
29~ · .. 
' 195 
520 
195 
' ' 1 ·, 885 ' . 
~ . 3 ·900 , . 
.. 
· ' 
. o. 
. 0 . 
· O 
. 0 
0 
260 
•. ·-
.. 
Bottom 
242 :· 
·0 ' 
6'04 
0 
.o 
. . . o 
,. . 0 ' 
24i 
. 0. 
242 
0 
o · 
'·. 0 . 
' 708 
1,466 
··o 
·11' 
·0 
: 17 
i7 
, . · I 
121 
. t 
) . 
, · 
• ' . 
. . ,:: 
·._ .. ', . 
May 'lS '· .. '·' 
·· ·· . oiat~ms: ·. ·: ·. ' . · , . 
· .. · .· Bact~;iosira ··fra~i·lis: . . · o ·. ·, 519 · . . · 1s1 :. 
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